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linUta  at  tMiwni'  Jf^aO. 


JPREF^CE. 


^EKTiFic  Pursuits  have«  in  all  ages,  been  considered 
oTtfte  greatest  utility  to  mankind  in  general ;  and  those 
^vidaals  who  hare  labomred  sncoemiUy  to  elucidate 
tbe  principles  of  Mathematics,  or  to  simplify  their  appli* 
cation  to  the  Practical  affiiirs  of  life,  have  always  been 
ranked  among  the  most  usefiil  and  honourable  members 
of  society. 

Honourable  indeed  they  must  appear  to  all  those  who 
hare  learned  toeet  due  estimation  on  intellectual  attain* 


ments ;  as,  next  to  vital  religion,  they  certainly  constitute 
the  tree  honour  and  dignity  of  man. 

Ridies  and  titles  may  be  our  l^al  possessions,  bv  birthti 
right ;  bowerer,  in  a  meritorious  point  of  view,  they  can 
scarcely  be  denominated  our  own ;  but  the  treasures  of  a 
wdl.  stored  mind  can  only  be  acquired  by  diligent  study, 
and  assiduous  application ;  and  are  dierefore  our  natural 
and  unalienable  property* 

Mental  acquirements  not  onW  enrich  and  dignify  the 
possessor ;  but  are  productive  of  the  most  happy  effects  to 
the  public  in  general.  Like  the  common  source  of  light, 
they  shed  beams  of  lustre  on  all  around ;  and  dispel  the 
clouds  of  darkness,  ignomnce,  and  superstition  on  every 
side. 

To  the  great  improvements  made  in  the  Arts  and 
Sciences  we  are  in^bted  fbr  most  c^Tthe  comforts  and  con* 
venienoes  of  li&  ;  and  it  may  be  aflkmed,  without  fear  of 
^ODtitidictioD,    tb«t  the  advancement  of  no  branch   of 
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human  knowledge  has  been  attended  with  mote  beneficial 
osnEequences  to  the  commniiiQri  than  tbe  cultivation  oi 
the  Mathonatics. 

Arithmetic  and  Geixnetry  are  the  two  grand  pillar*  that 
•upport  every  other  brandi  of  science ;  and  to  their  Prac— 
ti(^  application,  together  with  that  of  Mechanics,  vre  uuiy 
atttibute  the  production  tif  every  machine  now  in  use. 
from  the  stupendous  and  powerful  steam  engine,  down  to 
the  elegant  clock  and  wibeb. 

Bj  the  assistance  of  Arithmetic,  we  are  enabled  to  make 
every  calculation  that  business  or  scdence  requires  ;  and 
from  the  principles  of  Geometry  we  derive  Practical  Rulee 
by  which  we  can  estimate  the  areas,  solidities,  and  capaci* 
ties  of  alt  kinds  of  Geometrical  Figures. 

The  ^plication  of  these  &ulfa  to  finding  the  areas  of 
figures,  is  called  Mensuration  of  Supe^cies ;  their  arnli- 
cation  to  finding  the  contents  of  bodies,  is  called  Men> 
suration  of  Solids;  and  when  th«gr  are  applied  in  findii^ 
the  capoeities  of  vessels,  in  ale  and  wine  gallons,  and  maU 
busheu,  the  process  is  denominated  Gaucino. 

This  Art  is  of  such  general  utili^  in  the  ccnnawn  aBdn 
of  life,  that  there  are  few  persooa  who  th  not  occasionally 
want  its  assistance ;  and  to  VictHallers,  Comnen  Brewers, 
Maltsters,  Distillers,  Wiue>Merchants,  Spint^Mercfaaqts, 
Soap-Makers,  Starcb-Makers»  and  Glass-Makers,  it  is  of 
considerable  moment ;  for  without  its  aid,  they  could  not  . 
ascertain  with  accuracy  the  quantity  o£  those  articles  whicb 
they  manufacture. 

There  is,  however,  another  class  of  persons  to  whom 
this  Science  is  indispMisably  OBCessv;  j.  nunely,  to  those 
who  intend  to  become  Candidate*  for  the  Excise;  and  as 
80  large  a  portion  of  His  Majesty's  Revenue  fall*  under  the 
inspection  of  the  Officers  of  th&£zcise,  it  is  certainly  of 
the  first  importance  that  they  diould  be  made  fully  rc. 
quainted  with  the  Principles  and  Practice  o(  Gauging, 
hcfui'ti  ihey  are  appointed  to  discharge  so  ntomwtoiis  a 
duty  as  that  with  iniioh  they  are  intrusted. 

Such  lieing  the  u^i^  of  this  Sdenoe,  it  is  ae  wander 
that  so  many  paraona  uve  written  oo  the  Subject  j  but  it 


is  ORtunly  matter  of  sarjptiae,^  Aat  of  all  the  Treatises 
wlfidi  bate  yet  made  their  appearance,  not  one  of  them 
contBBs  the  Theory  of  Gauginff,  as  it  ought  to  be  taught 
in  Schools^  united  with  the  ^actioe,  as  adopted  in  tlie 


We  have  Books  of  Arithmetic,^  Mensuration,  Land* 
Sorreying,  TxigcmonietiT,  Nayjgation,  Astronomy,  Alge« 
bra,  Fkudcnis,  and  Mechanics,  whid^  contain  numerous 
Exam^Jes  for  the  Exorcise  of  the  Learner ;  but  not  one 
Wodc  im  Ganging:,  that  oontaina  more  dian  One  Example 
in  esdi  Probkni;  and  that  Example  wrought  out  at 
length. 

Now,  as  Schools  are  the  proper  phures  in  which  the 
piifidpZes  of  every  Sdenoe  ought  to  be  taught;  why  not 
hire  a  IVeatiae  on  Gauging  adapted  finr  the  use  of  Schools, 
and  St  die  same  time  contaming  every  necessary  informa« 
tion  rdatbig  to  ^e  Scienee,  as  it  is  praciimi  by  the 
0&£rs  of  the  Excise? 

Sadi  are  ihe  reasons  that  have  induced  the  Authors  to 
^te  the  following  Work;  and  whatever  may  be  its 
ments,  it  is  certainly  not  a  hasty  production.  It  is  nearly  ^ 
twoity  years  once  one  of  its  Authors  ftrst  l^d  down  the 
Pian^  faflEVEDf^  found  the  want  of  such  a  Book  in  his  avo^ 
cation  t^  insbrueting  Youth;  and  both  he  and  his  CoU 
league  have  employed  all  their  leisure  moments  for  up*  ' 
wards  of  live  years,  in  bringing  die  Plan  to  maturity. 

The  execution  of  the  Work  has  cost  them  much  more 
labour  than  they  at  first  anticipated  ;  and  whoever  reads 
t  with  attention,  and  solves  all  the  Questions  it  contains, 
•vill  not,  they  think,  chaige  them  with  the  crime  of  bookm 
naHng,  so  mudi  psactiseain  the  present  day. 

Having  said  thus  much  concerning  the  advantages  of 
^kthematical  Studies,  and  the  motives  that  led  to  the 
)todaotion  of  the  Work  in  question  ;  we  will  now  pro* 
£ed  to  give  some  sccotsnt  of  each  of  the  Seven  Parts  mto 
v'hicli^itisdividecL 

Part  tM  Fittsr  ca<iitBhu  a  clear  and  concise  view  of 
u^agadDecismX  FJ»rtions;  Square  and  Cube  Roots; 
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VI  PftBFACS. 

with  the  application  of  the  two  latter  to  die  Sdotlon  o( 
various  Mathematical  Problems.  A  thoroi^  knoidedge 
of  these  subjects  being  indispensably  necessary,  in  all, 
kinds  of  meal^urenients;  they  form  the  moAt  apprc^riate 
Introduction  to  a  Treatise  on  Practical  Gauging. 

-  Part  the  Skcokd  contains  the  description  t€  the 
Sliding  Rule ;  directions  for  fihding  any  number  upon  it ; 
and  the  application  of  the  different  lines  to  Mokiphcatkm, 
Division^  the  Rule  of  Three  Direct  attd  Inverted  andthe 
Extraction  of  the  Square  and  Cube  Roots. 

Part  the  Third  contdns  such  Defmitions^  Problems, 
and  Theorems  in  Geometry,  as  we  conceived  to  be  neces- 
sary in  a  Treatise  on  Practical  Gauging.  Those  who 
desire  to  see  the  subject  of  Geometry  more  fully  eluci« 
dated,  are  referred  to  the  Elemepts  of  Simpson,  Emerson, 
Bonnycastie,  Keith,^  Playfair,  and  Leslie,;  to  Simson's 
Euclid,  Hutton's  Course  of  Mathematics  and  Reynard's 
Geometria  Legitima.  The  last  Work  is  w^  adapted  t0| 
the  capacities  of  Youth ;  and  contains  a  number  of  Quees* 
tiones  Solvenda?,  at  the  end  of  each  Bo<^ ;  to  iiHixch  an 
excellent  Key  has  lately  been  published  by  Uie  Author. 

Part  the  Foorth  contains  the  Mensuration  of  Super- 
ficies applied  to  Gauging.  Besides  giving  Rules  for 
finding  tne  areas  of  regular  and  irregular  figures ;  we  have 
treated  largely  on  the  method  of  finding  the  areas  of  oval 
figures,  wmch  are  not  true  ellipses,  by  means  of  ^^]4i8tant 
ordinates.  The  Honourable  Board  of  Commissioners 
have,  by  various  General  Letters,  enjoined  the  Officers  of 
the  Excise  to  gauge  all  oval  vessels  by  this  method  ;  and 
It  certainly  far  excels  every  other,  for  fmding  the  areas  of 
curvilineal  figures,  when  ue  nature  of  the  curves  cannot 
be  determined. 

In  this  Part  we  have  adopted  a  methdd  entirely  different 
iVom  that  of  any  of  our  Predecessors ;  fbr  bv  considering 
every  plane  figure  as  the  base  of  -some  vessel  wtiese  odes 
are  perpendicular,  we  have  entered  immediately  on  tiie 
Practical  Part  of  Gauging,  by  multipljFing  the  well  ef  the 
base  by  the  perpendicular  depth ;  and  thus- we  obtain  Ae 
content  of  tne  vessel  in  ale  and  wine  gallons,  and  malt 
bushels.    This  method  has  a  decided  advantage  over  that 


ef  mcrel J  SaSing  the  atest  of  BgurtM ;  «»  the  Learner 

immedaldy  pecoeiYes  the  ratline  of  tbe  Science. 

Part  trx  Ftftb  conUiinii  tiie  Men^nntion  of  SoUdt, 

Applied  to  finding  die  capacities  of  vesiek  of  every  de» 

scripdon.     Besides    giving   Roles   for  detomining  the 

contents  of  all  resular  vessels,  of  a  known  form ;  we  have 

given  the  method  of  finding  the  contents  of  circular  ves* 

seJj^  with  carved  aides ;  mien  die  nature  of  the  curves 

cannot  be  ascertained.     This  we  have  done  by  means  of 

equidistant  parallel  aections,  founded  on  the  method  of 

equidistant  ordinatea.     This  Process  is  entirely  new  in  a 

Book  of  Gauging  ;  having  never  befoie  afipeared,  except 

in  Nesbif s '  Treatise  on  Practical  Mensuration.'    We  have 

^Iso  giveo  Rules  for  finding  the  contents  of  all  cylindrical, 

pyramidical,   and  conical  ungulas,  that  can  possibly  be 

ibnaed,  by  plaong,  in  various  positions,  vessels  containing 

Mds,    This  has  Icmg  been  a  destderahtm  in  every  Treatise 

on  Gaqging;  and  aluiough  those  %ure8  seldom  occur  in 

Practice,  yet  we  are  of  opinion  that  every  person  who 

profess^  the  art  of  Gauging,  ou/j^t  to  be  able  to  deter« 

mine  the  capacity  of  any  vessel  or  figure  that  can  possibly 

be  devised*     This  Part  also  contains  One  Hundred  Mis« 

cellaaeous  Q^testions^  w|uch-wiU  serve  to  exercise  the 

AbiliQr  of  the  I^eamer  j  and  prov^  his  knowledge  of  the 

Theorems  jmd   Rules  given  91  tba  formepr  part  of  the 

Work.  ... 

Part  tbb  Sixth  is  divided  into  Seven  Sections ;  and 

comprehends  the  whcde  System  of  Phictical  Gauging,  as 

adopted  in  the  £xcise.    The  first  Section  contains  the 

meUiod  of  gauging  and  Jixhg  Victuallers'  Utensils ;  the 

second  that  of  eaugin^  and  mtkmg  Common  Brewers' 

Utensils;    and  the  third  oomprdiends  the  method  of 

Bduging,  inching,  and  vllagmg  Casks.      As  no  part  of 

the  Scienoe  is  attended  with  such  dii&cul^  as  that  of 

findii^  the  contents  of  dose  vessels  ;  we  have  bestowed 

much  attention  ajM»  this  part  of  the  sdbjeet ;  and  to  the 

method  of  oMiainiJig  the  contents  of  casks,  acotfding 

to  their  several  varieties,  •  we  have  added  those  of  finding 

their  eontests,  by  Gexiefsl  Rulesi  without  paying  ^ny 

regard  to  their  varieties. 

GsdF  Gatffjag  bjr  the  CalUpers,  Bung  Rod,  and  Head 
M  aspral^ised  by  the  Por^  Gaugeisof  the  Excise  and 
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Customij  h  alio  given  in  thifl  Section.  In  this  Part  of 
the  Work  we  have  been  abfy  umtibtd  by  a  Gentleiaaa  who 
has  had  oonnderable  Practice  in  the  Excise  Deportment 
of  Port  Qaxipng,  at  NewGa8tle»upon«l' jne.  He  also  very 
kindly  furauh^  us  with  a  Manuscript  eontaining  many 
excellent  observatianfl  on  the  method  of  taking  llie  dimen- 
sions, making  the  allowances,  casting  the  contents,  &e. 
&c.  For  these  fiivouis  we  offer  him  our  most  unfeigned 
thanks. 

The  fourth  Section  contains  the  method  of  gauging  and 
^ain^  Maltsters'  Utensils ;  and  the  fifth  that  of  gauging 
and  tnehing  the  Utenaik  ik  Distillert.  The  sisLth^^Seroon 
comprehends  the  method  of  gauging  and  inching  the 
Utenals  of  Saap-Midcers,  Starch«Makers>  and  Glass- 
Makers. 

The  seventh  Section  contains  the  Method  of  finding 
the  areas  and  contents  of  vessels  in  Irish  malt  bushels  ana 
liquid  gallons ;  and  of  reducing  Irish  to  English,  and 
English  to  Irish  measure ;  thus  &e  Work  is  adapted  for 
Irehoid,  as  well  as  for  England  and  Scotland.  This  Sec- 
tion also  contains  a  Table  of  the  Specific  Gravities  of 
bodies ;  the  method  of  finding  the  magnitude  of  a  body 
fVom  its  weight,  or  the  wdght  of  a  bod^  from  its  magni- 
tude; ahd  likewise  the  process  of  determining  the  tonnage 
of  Ships,  according  to  me  Pariiamentary  Rules. 

Part  th£  Seventh  is  divided  into  three  Sections. 
The  first  contains  a  Table  of  Ale  Areas ;  the  second  a 
Table  of  Wine  Areas ;  and  the  third  a  Table  for  reducing 

Ale  Gallons  to  Victu^dlers'  Barrels. 

« 

Besidee  the  regular  subjects  enumerated  in  the  Table 
of  Contents,  the  Work  is  interspersed  with  numeroua 
NolM»  Remarks,  and  Observations,  which  will  tend 
greatly  to  eludd^  the  Subject  The  leadmg  features  of 
diese  tbemarka  we  wiU  just  notice  in  a  cursory  manner* 
Burt  the  SiiLth  oontaina  copious  directions  for  taking  the 
dimensions  of  all  kinds  of  vessels  that  can  possibly  be  met 
wkhin  the  Pxactioe  of  Gauging.  Thisia  of  the  greatest 
importance;  fer  it  ia  evident  that  if  the  dimensions  be 
improperly  taken,  the  results  must  always  be  incorrect; 
notwithstttiding  the  greatest  accuracy  may  be  used  in 
finding  the  areas  Msd  contents. 
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Emjt  (MMdUe  itfentisB  hM  Im^i  pod  to  Ae  mttfaod  of 
:%^  mdjijtmg  tks  UtoHib  of  ViduUen;  Mid  to 
iu\^  ind  Md£^  Uiaw  of  Commflw  Bicwcn;  and 
numera  Eunplea  Jiave  boen  givoi  to  illaitnto  die 
iLftiiod  of  artcrii^  the  dimcmkma  and  H«M  ;  and  filing 

L'elableBoQiu,  aspnotiMd  byOCieeis  of  the  Esdie. 

Q  Cade  Gnigii^  we  ham  Blade  aevwd  Ramavks,  Obtow 

^^oQs,  and  Conqnaiaoiis,  idiich  will  tend  to  elucidate 

l^atsubject;  and  point  out  the  impropriety  of  gauging 

'  casks  ta  beloDgn^  to  the  fint  vane^. 

Malt  Gaiupng  is  treated  of  verj  extensively;  and  every 
niomstiai  baa  been  given,  tiiat  we  thought  necessary  on 
^  subject.  The  method  of  ffuiginff  Stills,  and  StilU 
Heads  is  rendered  «s  simple  as  pos^le ;  and  that  of 
rioging  mi  inchmg  oval  Wash»backs,  and  Jacfc-lMicks, 
vnieansQf  e^diatant  ovdinatepy  is  treaied  in  adear  and 
ppicaoQs  flaanner.  The  nieAods  of  gauging  Soap  and 
'^bave never  before  i^peaied  in  any  Work  on  thia 
ibject;  andinU  tbeiefoae  be  fimiid  veiy  acceptable  to 

i  those  who  are  conoemed  in  the  manufftcturing  of  these 

•uclfig. 


In  findiag  the  areaa  and  contenla  of  vessds,  we  have 
ot  only  oaed  the  Pen/and  the  Sliding  Rule;  but  also  the 
^ies  of  Ale  and  Wine  Abmi  given  m  Fart  the  Seventh* 
s  the  Sliding  Ride  it  much  used  by  Officers  of  the 
"^^^e^  we  have  given  dour  and  perspicuous  Rules  for  its 
;  plicatioD,  whenever  it  could  be  introduced  with  success. 
^e  Tables  of  Ale  and  Wine  Areas  we  have  taken  from 
fr.  Moss's  Gauging  ;  they  bdng  more  correct  than  any 
lier  that  have  fallen  under  our  notice.  Xhev  generally 
'^e  the  areas  of  circles  rather  more  than  the  RuU  by  the 
^^ ;  but  saffidently  coiTect  for  every  Purpose  of  Practi* 
^1  Gaugmg, 

T^e  Questions  ^ven  in  each  Problem^  for  the  Exercise 
'  the  Learner^  form  one  of  the  most  prominent  features  of 
^^  ^^ork;  and  completely  distinguish  it  from  all  others 
n  tbe  same  subject.  These  Questions  will  be  found  of 
finite  service  in  Sdiools ;  and  are  what  Teachers  have 
'^g  desired ;  for  it  is  impossiUe  to  make  youn^  persons 
^n^prehend  any  subject  properly,  without  givmg  them 
M  mm  Line,  and  Precept  vepoa  Vneept. 


X  -  PfifiFACa» 

Notwithstsuidinff  a  ]>er8on  may  possess  the  most  bri 
ant  talents ;  that  he  may  comprehend  geneial  arts  a 
sciences  in  all  their  ramifications;  and  tluit  lon^  practi 
may  have  made  him  familiar  with  particular  subjects  ;  2 
it  will  readily  be  admitted  that  he  will  find  some  difiicul 
in  retaining  everjr  minutia  relating  even  to  thbse  scienji 
with  which  he  is  most  intimatdy  connected*  Takii 
these  things  into  consideration,  we  are  persuaded  that  t 
following  Work  will  be  found  useful,  not  only  to  Leame: 
but  also  to  those  persons  who  are  already  acquainted  wi 
the  subject,  of  Ganging ;  and  we  hope  it  is  executed 
such  a  manner,  andtreats  so  extensively  of  the  Science, 
all  its  Departments,  that  even  Experienced  Officers  of  tl 
Exdse  and  Customs  will  not  find  it  unworthy  of  the 
Notice,  as  a  Book  of  General  Reference. . 

Havinff  taken  a  survey  of  the  subsequent  Work>  ai 
made  such  introductory  observations  as  we  thoukgbt  nece 
sacy ;  it  now  only  remains  for  us  to  solicit  the  indul^en< 
of  tfo^Pttblic,  for  any  errors  that  may  have,  escaped  01 
notice. 

As  the  Work  is  entirely  new,  we  do  not  expect  that 
will  be  found  quite  free  mim  imperfections;  however,  w 
can  assure  our  R&iders,  that  neitner  labour  nor  pains  hav 
been  mured  in  order  to  produce  such  a  Treatise  on  Praci 
deal  Gauging,  as  may  be  found  worthy  of  Genera 
Patronage. 

A.  NESBIT. 
W.  LITTLE. 
Bradford,  Yorlcthire,\ 
June,  1822.        J 

P.  S.  A  Key  to  the  Practical  Gauging  is  in  the  Press  j 
and  will  be  published  in  a  few  Weeks. 
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TREATISE 


ON 


PRACTICAL  GAUGING. 


^ALGiNo  is  the  Art  of  finding  the  Capacities  or  Con- 
nts  of  all  sorts  of  Vessels  used  by  Maltsters,  Brewers, 
':?tillers.  Wine  Merchants,  Victuallers,  &c.  &c. ;  such  as 
items,  Couches,  Coppers,  Coolers,  Tuns,  Vats,  Stills, 
^^'h  &c.  &c. 

Vow,  as  all  Instruments  used  in  Gauging  are  decimally 
^^^ed ;  and  as  the  Dimensions  of  all  Vessels  are  taken 

Inches  and  Tenths,  it  is  evident  that  the  most  appro- 
^^te  Introduction  to  a  Treatise  on  Practical  Gauging, 
'i.(t  be  a  dear  and  concise  View  of  Decimal  Fractions. 


PART  L 

l^ar  and   Decvmal  Fractionsy    and  Square  mid 

Ctibe  Roots, 


FRACTIONS. 

DEFINITIONS. 

i.  A  Vulgar  Fraction  is  a  broken  number,  reprc- 
.ted  by  two  figures  placed  one  above  the  other,  with  a 
le  drawn  between  them. 

2.  The  upper  figure  of  a  fraction'  is  called  the  numeral 
;  and  the  lower  figure  the  denominator, 

3.  The  denominator  shows  into  how  many  equal  parts 
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the  whole,  or  uni^,  is  supposed  to  be  divided ;  and  the 
numerator,  the  number  of  those  parts  taken. 

4.  When  the  numerator  is  less  than  the  denominator, 
the  finction  is  less  than  unity,  and  is  called  a  proper  Jrac* 
tion;  as  I  one-quarter ;  }  6ne-ha]f;  |  three-quarters;  f 
six-eiffhths,  &c. 

5.  When  the  numerator  Is  greater  than  the  denomina<- 
tor,  the  fraction  is  greater  than  unity,  and  is  called  an 
improper  fraction ;  as  |  three^seconds ;  §  five-thirds;  y 
twelve-ninths,  &c. 

6.  A  simple  fraciion  is  that  which  is  expressed  singly, 
or  without  «ny  reference  to  others,  as  |,  f ,  Sec, 

7.  A  compound  fraction  is  the  fraction  of  a  ffaction,  as 
J  of  };  f  of  {,  &c. 

8.  The  common  measure  of  a  fraction  is  a  number  that 
will  divide  both  the  numerator  and  denominator  without 
a  remainder. 

9.  A  decimal  fraction^  is  that  which  has  10,  on  some 
power  of  10,  as  100,  1000,  &c.  for  its  denominator; 
and  instead  of  foriting  the  denominator  under  the  nu- 
merator, it  is  expressed  by  pointing  off,  from  the  right  of 
the  numerator,  as  many  figures  as  there  are  cjrphers  in 
the  denominator;  thus,  A,  ^^,  j%%\,  |gj§,  are  respec- 
tively equal  to  .2,  .24,  .5o4,  5.648. 

10.  Cyphers  placed  on  the  right  of  a  decimal  make  no 
alteration  in  its  value ;  thus,  .2,  .20,  .200,  or  ^,  ^^, 
TO^S'  ^^  ^^^  equal  to  each  other ;  but  if  they  be  placed 
on  the  left  of  the  decimal,  they  decrease  its  value  in  a 
ten-fold  proportion ;  dius,  .2,  .02^  .002  are  respectively 
equal  to  j%,  jijf.j^ji. 

1 1.  Deamals  have  the  same  properties  as  whole  nuin« 
bers,  and  are  subject  to  the  same  rules;  for  in  the 
notation  of  both,  the  values  of  die  figures  decrease  in  a 
ten-fold  proportion  from  the  left  to  the  right 

12.  The  nrst  figure  of  a  decimal  fraction,  or  that  next 
the  decimal  poinl,  is  called  tenths,  the  second  huxi* 
dredths,  the  third  thousandths,  &c.;  thus,  the  fraction 
.284  is  read,  2  tenths,  S  hundredths,  and  4  thoikMndtbs 
of  a  unit     (See  the  following  table.  J 

18.  A  mixed  number  is  composed  of  a  whole  number 
and  a  decimal,  which  are  separated  from  each  other  by  a 
point ;  thus  25.6  are  equal  to  25  ^^. 


(pari  h)  BBCIMJX  wwukcsvmk  S 

14.  Comptmmd  ntgrnbettm  «re  tuch  as  oontiit  of  tevoid 
denomiiwtiona,  bb  poandfl,  abOlingSy  and  pence ;  handled 
wdglitSy  quartersy  and  poond»^  &c. 

TABLE.- 

Decimal  paris* 
1    .2     3    4    5    6    7 

c  1^  SB  d  s^  a  s 


3.  S 


f 


I 


^Y0te.  Dedmals  are  gol^p  «a]gw  firtctiooA  «f  a  _ 
on,  and  wore  intzodoeed  in  onkr  to  knen  the  trouble  which,  in 
nasy  ooes,  attends  the  use  of  the  kttter.  Thej  are  much  need 
3  the  prietiedl  a^^iin   qf  i)^  particularly    in    Menauratlon  and 

aiding. 


^v 


ADDITION  OF  DECIMALS. 

RULE. 

Place  the  figures  in  such  a  manner  that  those  of  the 
ime  denomination  may  stand  under  each  other;  add 
lem  tc^etfaer.as  in  whole  numbers^  and  point  off  as 
any  figures,  for  decimals,  aa  are  equal  to  the  greatest 
unber  of  decimal  places  in  any  of  the  given  numbers. 

Note.  It  &88  already  been  observed,  that  darimah  and  »whoia  wpn- 
rs  are  both  subject  to  the  same  niles  i  but  in  all  calculatiom  by 
3  fonuery  great  c«re  must  be  taken  to  point  off  the  proper  number 
decimal  {daces  in  the  results,  or  the  truth  of  the  operations  will  be 
mpletely  destroyed. 

EXAMPLES. 

1.  What  ia  the  sum  of  54.646+3.95+46.3905+968.202 
7.0264+Jg064+2.O4«3+ 5.646  ? 

B2 


DXCIMAL  FEACT10K8.  ~     (PAtT  I.) 

54.646 

S.95 
46.8905 
968^02 
7.0264 
.2064 
2.0463 
5.646 

1088.1136^11^. 


2.  Find  the  sum  of  367-60+4678.3609+869.563-1- 
.2003+7.5964+42.67.  Ans.  5965.9906. 

3.  Add  53.7  +  2943+I.2+2.OO73+I.47+6S7. 

Ans.  3638.3773. 

4.  Required  the  sum  of  124.1 +.3492 +84.02 +6.349+- 
.00879+71.2.  Ans.  286.02699. 


SUBTRACTION. 

RULE. 

Place  the  &^e8  of  the  same  denomination  under  each 
other ;  then»  beginning  at  the  right-hand  subtract  as  in 
whole  numbers,  and  point  off  the  decimals  as  in  addi* 
tion. 

EXAMPLES. 

1.  What  is  the  difference  between  52.73  and  2.676  ? 

52.73 
2.676 

50.054  ^111. 


2.  From  2.18  take  .814.  Ans.  1.366 

3.  From  .794  take  .O98I.  Ans.  .6959] 

4.  What  is  the  difference  between  .0943  and  .09281  ? 

Ans.  .00149. 

5.  Required  the  difference  between  374.901  and  68.14. 

Ans.  306.761. 


(famji) 

MULTIPLICATION. 

RULE. 

Plaathe  %in«s  imdsr  efcoh  odier,  tmd  multiplj  tham 
tqgstber,  as  in  whole  numbers;  «nd  point  o#  as  mmij 
(kmul  places  in  the  product  as  there  are  in  the  muki- 
piier  ffld  the  multiplicand  together. 

AMr  i.  YThw  thov  ara  «il  «d  nwjr  fignrai  in  Iks  pradud  w  tlwr« 
K  difimak  in  (he  w>iTlt'pl^*T  SBd  multiBlicaad  UMntfatta  ctdImb  miiri 
^amiendtQtiiel^  of  the  product,  tint  the  dedmal  placm  nmy  be 
operiy  Rpreaenteo. 

2.  When  a  dedmal  is  to  be  multiplied  b)*  10,  100, 1000,  &c,  h  it 
'ij  necessaij  to  remove  the  decimal  pdnt  so  many  places  to  the 
[bt,» thov are  cj^phecs  in  the  multiplier;  thui,  427  x  I  ai  042.7 ; 
^^Xia0s37.9. 

a  IfadednialbeiDalt^liedbsradMiaMlfthe  praduet  will  be  ktm 
aa  athr  the  multiplisj  or  mnlriptfrend ;  andif  swhole  eramlscd 
imixr  be  multiplied  by  a  deenna),  the  pCtoduct  will  elwajs  be  icae 
ifl  tbt  multii 


EXAMPLES. 

I  Wliat  is  the  product  of  24.73  multiplied  by  7.^2^? 

24.7S 

12^65 
4946 
7419 
17311 

18K14725  4ns. 


Muhqply  .00741  by  .00054.  Ans.  .0000040014. 

Multiply  .3141  bv  20.5.  Ans.  6.43905. 

Multiply  .354^6  by  .025.  Am.  .00885650. 

What  is  the    product  n^  9^68.456  multipUed  by 
389?  Atu,  7844719.205381. 


DIVISION. 
RULE.' 

)ivide  as  ia  whole  iMunbefs,  and  pomt  off  inxn  the 
tiUhand  of  the  quotient,  as  many  figures  for  decimals, 

1^  decimal  places  in  the  di^lend  exceed  those  in  die 

isor.  I 
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Note  !•  When  the  fignres  tn  the  quotient  are  too  few  to  make  up 
the  proper  number  of  dfrimalu  required  by  the  rule,  the  defect  must 
be  fupplied  by  prefixing  cyphers  to  the  left  of  the  quotient. 

2.  When  the  dividend  does  not  contain  as  many  derimals  as  the 
divisor,  cyphers  must  be  placed  on  the  right  of  the  dividend,  until 
they  are  made  equal,  previously  to  beginning  the  operation ;  and  the 
qpotient,  to  that  extent,  will  be  a  whole  number. 

3.  If  there  be  a  remainder  after  division,  you  may  continue  the 
quotient  to  any  extent  that  may  be  thought  necessary,  by  sutjoining 
a  cypher  continually  to  the  last  remainder. 

4.  When  it  is  required  to  divide  a  decimal  by  10,  100,  1000,  &jc., 
remove  the  decimal  point  so  many  places  to  the  left  as  there  are  cyphers 
in  the  divisor ;  thus,  36.4 -^  10  »  3.64;  and  .5864  -£- 100  s  .005864. 

5.  If  a  decimal  be  divided  by  a  decimal,  the  quotient  will  be 
greater  than  either  the  divisor  or  dividend ;  and  if  a  whole,  or  a  mixed 
number,  be  divided  by  a  decimal,  the  quotient  will  be  greater  than  the 
dividend ;  but  if  a  decimal  be  divided  by  a  wholes  or  a  noiied  number, 
the  quotient  will  be  leas  than  the  dividend. 


EXAMPLES. 

1.  Divide  .2843701  by  .147. 

.147).284d701(1.9344  Am. 
147 

1373 
1323 


507 
441 

"660 
588 


721 
588 

133  remainder. 


2.  What  is  the  quotient  of  741  divided  by  .325  ? 

^        Ans,  2280. 

3.  Divide  839  by  5.2.  Ans.  l6l.346l. 

4.  What  i«  the  quotient  of  «074  divided  by  36  ? 

Ans.  .00205. 

5.  Divide  48324.36  by  24.05.  •    Ans.  2009.8^, 

6.  Divide  5.6569  by  265.686.  Ans.  .02203. 
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REDUCTION. 
CASE  I. 


To  rthce  a  vulgar  Jractum  to  a  decimal  cf  the  jomt 

value, 

RULE, 

Pkoe  cyphers^  at  pleasur^  on  the  right  of  the  numcr»- 
or,  as  deomals  ;  then  divide  by  the  deoonunator,  wid 
he  qaodmt  will  be  the  decimal  required. 

KoU  1.  A  compound  firactioii  may  be  reduced  to  a  iimplc  one,  bv 
ruitipjjing  all  the  numeraton  together  for  a  new  numerator,  and  <& 
he  deDommatOTS  together  for  a  new  denominator;   thus,    I   of  f 

I  An  improper'  firaction  may  be  reduced  to  a  mixed  number,  by 
ividing  the  numerator  by  the  denominator;  thus,  *|*  k  29|  k  271. 

3.  A  mixed  number  may  be  reduced  to  an  improper  fraction,  by 

vjltipIyiDg  the  whole  number  by  the  denominator  of  the  fraction, 

aiding  the  numerator  to  the  product ;  and  placing  the  sum  over  the 

^      28x5+4      144 
etKnmnator  ;  thus,  28faB — 7 —  ^"a"* 

4.  A  whole  number  may  be  expressed  Kke  a  fraction,  by  putting  1 
r  its  denominator. 

EXAMPLES. 

1.  Reduee  |  to  a  decimal. 

4)1>00 
.25  Aw. 


2.  Reduce  J  to  a  decimal.  Ans.  .5. 

3.  Reduce  |  to  a  decimal.  Ans.  .75. 

4.  What  is  the  decimal  of  f  ?  Am.  ,875. 

5.  Reduce  J|  to  an  equivalent  decimal  Ans.^.f^, 

6.  What  is  the  decimal  of  §f  ?  Atu.  .631578. 

7.  Let  //j  be  reduced  to  a  decimal.  Ans.  .048476'. 

8.  Express  ^^^  by  decimals.  Ans.  .53SS3S. 

9.  What  is  the  decimal  of  /^^j.  Ans.  .0813631. 

10.  Let  /j^yVV  ^^  expressed  in  decimals.  Ans.  .687502. 

11.  Reduce  |  of  f  <rf  j  to  a  decimal.  Ans.  .277. 
2j2.  Reduce  ||  of  f|  of  it  to  a  decimal.  Ans.  .9533. 
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CASE  II. 

To  reduce  numbers  of  different  denominaiums,  as    ma^ 
weights,  measures,  <^.  to  their  equivalent  decimal  viziwsei 

RULE. 

Reduce  the  given  numbers  to  the  lowest  denomiiiat 
mentioned^  for  a  dividend ;  also  reduce  the  integer  to  i 
sdme  denomination,  for  a  divisor ;  then  annex  cypherfl 
the  dividend^  divide  as  in  whole  numbers,  and  the  qi 
tient  will  be  the  decimal  required. 

Note.  Tables  of  Ale  and  Beer  Measure,  Wine  Measure,  Dry  1V| 
sure,  and  Avoirdupois  Weight,  may  be  aceo  in  Part  IV. 

EZAMPLSS. 

ll  Reduce  15j.  G^d,  to  the  decimal  of  a  pound  sti 
ling. 

*.       d.  * 

15.     6f 

186 
£.    Far.    4 


l=96O)747.OO0OO0(.778l25  Ans. 
6720 

7500 
6720 


7800 
7680     • 

1200 
960 

2400 
1920 

4800 
4800 

2.  Reduce  lOs,  g^d.  to  the  decimal  of  a  pound. 

AnSm  •540625* 
5,  Reduce  9*-  8J</.  to  the  decimal  of  a  pound.' ' 

^M.  .463542^. 
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4.  Reduce  10|i.  to  the  dedmal  of  a 


Am*  .875. 

5.  Bdaoe  19t.  llfcL  to  the  decimal  of  a  pomid. 

Ans.  .9989585. 

6.  fiedoce  2  pints  of  wine  to  the  dedmal  of  a  galkm. 

Ans.  .25. 

7.  iteduce  189  gaUona  of  wine  to  the  dedmal  of  a  tun. 

Ans,  .75. 
&.  Redace  8  gallons  of  ale  to  the  decimal  of  a  firkin« 

Ans.  .888888. 

9.  Reduce  56  gallons  of  beer  to  the  dedmal  of  a  butt 

Ans.  .518518. 

10.  Redace  5  pecks  o€  malt  to  the  decimal  of  a  bushel. 

Ans.  .75. 

H.  Reduce  4  quarters^  5  bushels^  and  2  pecks  of  bsr« 

y,  to  the  dedmal  of  a  last  Ans.  .46875. 

12.  Reduce  12  ounces  avoirdupois^  to  the  decimal  of  a 
md.  Ans.  .75. 

13.  Reduce  22  pounds^  9  ounces  of  candles,  to  die 
<3iDal  of  a  quarter.  Ans.  .8058035. 

U.  Reduce  3  quarters,   14  pounds,  and  8  ounces  of 
^■hwj  to  the  dedboial  of  a  hundred  weight      Ans.  .87^ 
15.  Reduce  15  hundred  weight,  2  quarters,  and  21 
onds  of  soap  to  the  decimal  of  a  ton.        Ans.  .784375. 

CASE  III. 

Jind  the  value  cf  a  decimal  firactkm  in  the  kmornn  parts 

cf  an  integer^ 

RULE. 

Vfultiply  the  given  dedmal  by  the  nubber  of  parts 
itained  in  the  next  inferior  denomination ;  and,  finom 
\  right  of  the  product,  point  off  as  many  figures  as 
•re  are  places  in  the  given  decimal.  Multiply  the 
nmals  thus  pointed  off,  by  the  parts  in  the  next  less 
lomination ;  reserving  as  many  places  to  the  right,  as 
x>re.  Proceed  in  this  manner  through  all  the  denomi* 
doDs  to  the  last ;  then  the  several  figures  on  the  left  of 
\  decimal  points^  will  be  the  answer  required. 

EXAMPLES. 

J.  Whst  is  the  value  of  .7362  of  a  pound  sterling  ? 
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.73fe 
20 


14.7240 
12 

S.6S80 
4 

2.7520 


Ans,  14^.  S^d, 
2.  What  is  the  value  of  .8649 of  a  shilling?  Ans,  I0{d. 
S,  Find  the  value  of  .92846  of  a  pound.  Ans.  ISs,  6ld. 

4.  Required  the  vidue  of  .8694  of  a  hogshead  of  wine. 

Ans,  54tgaL  Sqt, 

5.  What  is  the  value  of  .73828  of  a  barrel  of  beer? 

Ans.  ^6  gal.  2^. 

6.  Required  the  value  ot  .5694  of  a  quarter  of  malt. 

Ans.  4  busk.  2  pk^ 

7.  M^t  is  the  value  of  .68328  of  alast  of  barley  ? 

^  Ans.  6qr.  6  bush.  2(pXr. 

8.  Find  the  value  of  .9326  of  a  hundred  weight  of* 
thllow.  Ans.  3  qr.  20  lb.  7  az. 


^r^f^mmmmmm 


RULE  OF  three: 

RULE. 

State  the  question  as  in  the  common  Rule  of  Three  ; 
reduce  the  inferior  denominations  of  such  of  the  terms 
as  are  compound^  to  the  decimal  parts  of  their  integer  ; 
multiply  the  second  and  third  terms  of  the  proportion 
together,  and  divide  the  product  bjr  the  first  term,  and 
the  quotient  will  be  the  answer  requured,  which  must,  if 
necessary^  be  reduced  to  its  integral  value* 

Note  1.  Tn  solving  questions  in  the  Rule  of  Three,  proper  attention 
must  be  paid  to  the  rules  given  in  multiplication  and  division,  fcr 
pointing  off  the  decimals; 


2.  As  Arithmeticians  diflkr  In  their  opinions  with  regard  to  the 
method  o^  stating  questions  in  the  Rule  of  Three,  we  shall  here  give 
both  Rules;  and  the  learner  ma^  use  that  of  wbi^h  he  moat  a  p. 
proves. 
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RULE  I. 

n^da  wideh  of  the  three  given  terms  ii  of  the  Mme  kind  m 

nswer,  or  number  soii^t,  and  put  il  down  as  the  thifd  tenn  of  the 

TTtxa, 

■'33,  if  it  appears,  Irani  the  nature  of  the  questiont  that  the 

iT  vl  be  greater  than  this  number,  make  the  greater  of  the  other 

iimben  the  second  term,  and  the  less  the  first ;  but  if  it  wiU  be 

alike  the  kss  number  the  second  term,  and  the  greater  the 

liice  the  first  and  second  tertns  of  the  proportion  to  tlie  same 
ination,  and  the  third  to  the  lowest  denomination  roentjooed. 
tiply  the  second  and  third  terms  together,  and  divide  the  pro* 
y  the  first  temi ;   and  the  quotient  will  he  the  answer,  in  the 
iencmination  to  which  tlie  third  term  was  reduced. 

'£,  The  aaswer  on  the  fimrth  term,  must,  when  necessaiy,  be 
dt  again,  to  tiie  highest  denomination  of  which  it  admits,  in  ocdev 
'  aaj  be  eiqiressed  in  a  proper  form. 

RULE  IL 

te  down  that  number  wUdi  is  of  the  same  name  as  the  answer, 

'  second  term  in  the  proportion. 

^ve,  from  the  nature  of  tlie  question,  whether  the  answer  will 

"^a  or  less  than  this  number. 

(appears  t^  it  will  be  greater,  make  the  less  of  the  two  re< 

g  numbers,  the  first  term,  and  the  greater  the  third ;  but  if 

»wer  will  be  less  than  the  second  term,  make  the  greater  number 

't  term,  and  the  less  the  thhd. 

'^ce  the  first  and  third  terms  of  the  proportion  to  tlie  same  deno- 

on,  and  the  second  to  the  lowest  denomination  mentioned. 

i^iply  the  second  and  third  terms  together,  divide  the  product  bjr 

St  term ;  and  the  quotient  will  be  the  answer,  in  the  same  deno. 

on  as  the  second  term. 

^  1.  In  stating  questions  in  the  Rule  of  Three,  the  word  As,  is 
^^y  placed  befmre  the  first  term,  and  the  signs  of  proportion 
;n  each  of  the  other  terms,  thus,  As  4>lb.  t  H  lb.  :s  5s. :  Ijs.  by 
St  Rule. 

Or, 
As  41b. :  5s.  ::  191b.  :  15s.  by  the  second  Rule. 
>on]e  persons  object  to  the  second  Rule,  on  this  ground,  that  no 
lion  whatever  can  subsist  between  41b.  and  5s.  or  between  It  lb. 
^s.  The  first  Rule  is,  in  our  opinion,  more  scientific ;  but  we 
clined  to  think,  that  the  second  will  be  more  easily  comprehended 
inet^;  and,  according  to  it,  the  numbers  are  always  alternately 
rtionaL 

Questions  in  the  Rule  of  Three  are  of  two  kinds,  namely,  direct 
I  oerie ;  but  both  the  foregcSng  Rules  are  general 
^^rect  ProporUon^  is  when  more  requires  more,  or  less  requires 
'^  in  the  following  examples:  If  fi  men  can  dig  a  trench  46  yards 
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in  length,  in  a  certain  time ;  how  many  yards  can  12  men  dig  in  the 
lame  time  ?  Here  it  is  obvious,  that  the  more  men  there  are  emidoyed, 
the  more  work  will  they  perform ;  and,  therefore,  in  this  case,  more 
requires  more. 

Again,  If  6  men  can  dig  48  yards,  in  a  given  time;  how  many 
yards  can  3  men  dig  in  the  same  time  ?  JHere  less  requires  less ;  fur 
the  less  number  of  men  there  are  employed,  the  less  work  will  there 
be  performed  by  them. 

All  questions  that  are  of  this  class,  are  said  to  be  in  the  Rule  of 
Three  Direct. 

5.  Invcrte  Proportiottf  is  when  more  requires  less,  or  less  requires 
more;  thus.  If  6  men  can  dig  a  certain  quantity  of  trench  in  12 
hours ;  how  many  hours  will  it  require  13  men  to  dig  the  same  quan- 
tity ?  Here  more  requires  less :  for  12  men  being  more  than  6,  it  i& 
manifest,  that  they  will  require  less  time  to  perform  the  same  work. 

Again,  If  6  men  perform  a  piece  of  work  in  10  hours ;  how  many 
hours  will  3  men  be  in  performing  the  same  work  ?  Here  less  re<. 
quires  more ;  for  the  number  of  men  being  less,  th^  will  require  more 
time  to  do  the  same  quantity  of  worlc  ^ 

All  questions  of  this  kind  are  said  to  be  in  the  Rule  of  Three  In- 
verse. 

EXAMPLES. 

1.  If  5.75  lb.  of  candles  cost  4.25#.  what  will  be  the 
price  of  17.25 lb..? 

By  Rule  L 

lb,  lb,  s»  s.         s,    d. 

As  5.75  :   17.25  n  4.25   :   12.75=12     9  Ans, 
4.25 

8625 
3450 
6900 


5.75)73.3125(12.75 
575    12 

1581  .   900  • 
1150 

4312 
4Q25 


2875 
2875 


By  Rule  IL 

lb.        s.  lb,  s.         s.     d. 

As  5.75  :  4.25  ::  17.25  ;:  12.75=12  9  Am. 
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2.  If  nsslh.  of  cmaks  ctat  IS.75r.  irint  wiD  5.75 lb. 

t? 

As  17.25  ;  5.75  y.  W.T5  :  4Jt$sz4    S  Am. 

BfHnkJI. 

0>.         #.  lb.        9.     ^  d» 

A«  17.25  ;  1«J5  :;  5.75  :  4.25=54    3  Afc 

.  What  win  2fi.5  qnuti  of  wine  oost,  if  9.75r.  be 
m  lor  3.25  quarts?  Ant.  £A  Ss.  6tL 

t.  If  I  cwt.  of  tdbacco  cost  £JSl5s. ;  what  will  be  the 
ceof  Scwt.  2qr.  7lb?  An$.  £.46  U.  10)A 

L  If  £^  5s.  be  giTcn  ibr  1  cwt  of  tiAow ;  idiat  w9 
iie  pric^e  of  5  cwt  S  qr.  ]4lbu  at  the  nme  rate? 

Ans.  £.19  Is.  If^ 
.  What  is  the  duty  of  248J  bamb  of  ale,  whtii 
.  &1  Is  paid  lor  3  barrek?  j4m.  £.111  $i.  9K 

.  If  the  dntj  of  8  barreb  of  table  hetr,  amonnta  to 
6(/. ;  wiiat  win  be  the  duly  of  18|  barreb? 

ilM.  £.1  14t.  4)dl 
.  If  the  duty  <^  |  of  a  barrel  of  ale  oohm  to 
10|d;  what  wiH  beihe  duty  of  l6|  barrels? 

Ans.  £.7  Ss.  11 U. 
.  What  is  the  doty  of  2  of  a  1000  of  poliAed  bridb, 
m  the  dtt^  of  |  of  a  1000  amounts  to  g».  7|<2-? 

Ans.  ll«.2{dL 

0.  If  the  daty  of  ^  of  a  1000  of  common  bridu 
xestoSld.;  what  will  be  the  duty  of  f{  of  a  1000  ? 

An$^  6s.  8}dL 

1.  ¥^iat  is  the  diity  of  4  of  a  1000  of  common 
is,  whai  the  duty  of  ^  of  a  1000  is  Ijrf.  ? 

Ans.  4s.  Bd. 

2.  If  the  duty  of  5  powids  of  hard  soap  oomes  to 
d.i  what  is  the  duty  of  42364  pounds? 

Ans.  £.8Sn  Ss.  Sd. 
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SQUARE  ROOT. 

To  extract  the  Square  Root,  is  to  find  such, a  number 
as  being  multiplied  by  itself  will  produce  the  given  num- 
ber. 'Dxus  the  Square  Boot  o£  25,  is  5;  because  5 
squared,  or  multiplied  by  5:=::25,  the  proposed  number. 

RUtE. 

Divide  the  given  number  into  periods  of  two  figures 
each,  by  placing  a  {ioint  above  every  second  figure; 
beginning  at  units  place,  and  proceeding  to  the  lot  in 
integers,  imd  to  the  right  in  decimals. 

Fmd  the  greatest  square  root  contained  in  the  first 
period  on  the  lefl-hand,  and  place  it  on  the  right-hand  of 
the  given  number,  after  the  manner  of  a  quotient  figure  in 
division. 

Subtract  the  square  of  this  root  from  the  said  period  ; 
and  to  the  remainder  bring  down  the  two  figures  of  the 
next  period,  for  a  dividend. 

Double  the  root  above  mentioned,  for  a  divisor ;  find 
how  often  it  is  contained  in  the  dividend,  exclusive  of 
the  right-hand  figure ;  and  place  the  result  both  in  the 
quotient  and  the  mvisor. 

Multiply  the  divisor  thus  augmented,  by  the  last 
quotient  figure  ;  subtract  the  product  from  the  dividend ; 
and  bring  down  the  next  period  to  the  remainder,  for  a 
new  dividend. 

Repeat  the  same  process  for  each  period,  and  the  quo- 
tient thus  obtained  will  be  the  root  required. 

A  Table  of  Squares  and  Roots, 

Squares     1.  4.  16.  25.  S6.  4di  64.  81. 
Roots        1.  2.    4.    5.    6.    7.    8.    9- 

•iVbCr  !•  The  root  will  consist  of  as  many  integers  and  decimals  as 
there  are  periods  of  each  in  the  given  number. 

9.  When  the  decimals  in  the  given  number  do  not  consist  of  an 
evao  number  of  figures,  they  must  be  made  even,  by  placing  a  cypher 
on  the  right;  and  when  ail  the  periods  are  brought  down,  the 
operation  may  be  continued  at  pleasure,  by  annexing  two  cyphers  to 
each  remainder. 

3.  If  the  square  root  of  a  vulgar  fraction  be  required,  reduce  it  to 
a  decimal,  and  dien  extract  the  root 
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The  bat  owtfaod  of  doobliiMi  tlie  root,  to  tern  utm  4Mmm, 
add  the  lart  quodeBt  figine  to  the  U«t  divtoor. 

Tbe  method  of  proof  is  to  multiply  the  not  into  ftMlf,  add  tb« 
ainder,  if  aoj,  to  the  product,  md  tfat  warn  wfM  bt  •^mI  U  Um 
1  oaate,  if  the  wovk  be  light. 


BZAMPLSd. 

What  is  the  square  root  of  64£.l  156? 

648.1156(25.34  .4ia. 

4 

45)242 
225 


50S)1711 
1509 


5064)  20256 
20256 


25.54 
25.34 

101.56 
7602 

12670 

5068 

642.1156 


What  is  the  gquare  root  of  1048576  ?        Ans.  1024. 
Required  the  square  root  of  985.  Ans.  51*552. 

What  is  the  square  root  of  8104.2684? 

Ans.  9OMS0 
Find  the  square  root  of  744.526.  Aiu.  27-282. 

.  Extract  the  square  root  of  .00001 78929. 

Am.  .00425. 
.  What  18  the  square  root  of  Jf  f  ?  Ans.  .802. 

.  Extract  the  square  root  of  ffff |.  Ans.  .8567. 

I.  What  is  the  square  root  of  i§  of  gf  of  {f  of  |f  ? 

Ans.  .7099, 

no 
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SQUARE  ROOT, 

AJPFUXD    Hi    aOLTINO    U8XVl|L    MATHBMATIdAX. 

PBOBLBITS. 

PROBLEM  I. 
To  ,/&m{  a  mean  propoHurtUti  lOtifeen  koo  given  nuinheri, 

RULE. 

Multiply  the  two  given  nuinberv  together,  and  the 
iquare  root  of  thdr  prothict  will  be  the  mean  proportional 
sought. 

XXAMPLB8. 

1.  What  is  the  mean  proportional  between  20  and  45  ? 

45 

900(30  Ane. 
JDO 

r 

2.  There  are  three  numbers  in  geometrical  prqmssion  ; 
the  first  is  48,  and  the  third  249^  ^Hiat  is  the  middle  num- 
ber? Ane.  108. 

3.  In  a  pair  of  fidse  sodes^  a  body  weighed  361b.  in 
one  scale,  but  only  16  lb.  in  the  other;  required  its  true 
weight ;  and  the  ratio  of  the  lengths  of  the  two  arms 
of  urn  baknoe  <Ai  eadi  aide  of  the  pmnt  of  suspension. 

Am.  The  true  weight  cfthebody  U2^lb.and  ikiatme 
ef  the  balance  ate  ta  eaeh  other  as  l6  to  ft4^  or  as  24  to  96, 
at4ie9  toM. 

PfiOBLEM  It. 

fdJM  ike  tide  of  a  square  equal  in  area  to  aity  given 

skperfieies. 

RULE: 
Extract  tbt  square  root  of  the  number  expressing  the 
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iven  figure ;  and  it  will  be  the  side  of 


uareeqaal  in 

:t!.  The  drfnitlonB  of  G«omeUiod  P%iii«i»  and  tb«  umIm^  «f 

4::i>g  their  areas  may  be  aeeo  in  Parts  III.  and  IV. 

KXAMPLES. 

The  area  cf  a  rectangular  floor  is  2(hs5  square  feet ; 
t  will  be  the  nde  of  a  square  floor  of  equal  area  ? 

Ans.  ^fttL 

The  area  of  the  baae  of  a  triangular  dstem  is  324 

re  feet ;  required  the  side  of  a  square  cistern  thai 

be  equal  in  area.  An9.  IS  JetL 

A  makster  has  a  rectangular  kiln  whose  area  is  IM 

re  feet;    what  most  be  the  side  of  a  square  one, 

"h  he  intends  to  build,  so  that  the  latter  may  dry 

times  as  inach  malt  at  a  time  tm  the  former  ? 

Am.  M/eet. 

PROBLEM  IIL 
fold  ike  diaimeier  of  a  dnk,  when  tie  wrta  is  givem. 

RULE. 

Ivide  the  area  by  .7S54,  and  the  square  root  of  the 
wat  wiU  be  tiie  diameter  requiied* 

BXAMPLCS. 

Hie  area  of  a  circle  is  8994*7  square  indiea;  what 
e  diameter?  Ans.  106  mehe9,m^tn^. 

The  area  of  the  head  of  a  cask  is  254.5  square  i»» 
;  required  the  head  diameter,  A99.  18  imohet^ 

PROBLEM  IV, 

fin4  ike  hmoUietmu  of  a  righi^ngUd  iriangk,  wJUfk 
the  las^  and  perpeHdiadar  are  ffioen^ 

RULE. 

'o  the  aquare  of  the  base  add  the  square  of  the  per^ 
dicuhff,  and  the  square  root  of  the  9um  will  be  ^ 
Mtfhffiusft 
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1.  The  base  of  a  right-angled  triangle  id  105,  dncf 
perpendicular  56  mcheci ;  what  is  the  hypotheiiaae  ? 

Atu.  119  inci 

2.  The  length  of  a  cistern  in  the  form  of  a  parallelo 
pedon  is  1 12,  and  its  breadth  84  inches ;  what  is  the  <j 
gonal  of  its  bottom  .^  Afis.  \40  incA 

S.  The  side  of  a  cubical  mash-.tan  is  72.5  Inchi 
what  is  the  diagonal  of  its  bottom  ?      Ans.  102.53  incA^ 

PROBLEM  V. 

Ohen  the  hfpoihemtse  ^  a  right-angled  triatigk,  and  eiih 
ef  ihe  kge,  iofind  the  dher  leg, 

RULE.    . 

Prom  the  square  of  the  hypothenuse  subtract  th 
square  ot  the  given  1^,  and  the  square  root  of  the  r< 
mainder  will  be  the  required  kg. 

1.  The  hypothenuse  of  a  right-angled  triangle  is  155 
and  the  base  1S5  inches ;  what  is  the  perpendicular  ? 

Am*,  72  inches^ 

2.  The  diagonal  of  a  cylindrical  vesoel  is  60»  and  th< 
diameter  of  its  bottom  S6  inches ;  what  is  its  perpendicui 
lar  depth  ?  Ans.  48  inches* 

i.  The  length  of  a  gulle«^un>  in  the  form  of  a  parallel 
optpedon,  is  78»  the  longest  diagonal  thait  can  oe  meaJ 
•Mred  within  it  125,  and  the  diagonal  of  its  bottom  100 
inches ;  required  its  depth  and  breadth. 

Ans.  Its  depth  is  75,  and  its  breadth  62.577  inches, 

PROBLEM  VL 

6hen  ihe  heaiaeJthung  iiamekfn  and  length  (f  a  eask,  ta 
jSnd  the  diagotud  at  distance  between  ^ihe  centre  o/*  the 
bung^hole  oful  that  wdni  where  the  middle  of  the  cpposiie 
staff  and  head  ^  the  cask  intersect  each  other. 

RULE, 

«  • 

To  the  square  of  half  the  sum  of  the  dianelen^  acM 
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e  iquge  flf  hdtf  the  Iwigih  of  the  ewk ;  mdtiieaq 
}t  of  the  sum  win  be  tiie  diiganiL 

CXAMPLS8. 

I.  Hie  tength  of  a  cask  is  50»  the  bung  diameCir  M, 
d  the  head  diameter  18  inches;  required  the  di^geoaL 

A»M.  S5^  mcket. 
I  The  benf^  and  bead  diametars  of  a  cadk  aie  M  and 
and  the  length  ia  40  inches;  whi^  is  the  dii^jponal? 

il»#*  34.4  iacArff. 

PROBLEM  VIL 

en  ike  diagtmal  and  diameters  cf  a  cask,  io  find  ib 

lengths 

RULE. 

'  rom  the  aooare  of  the  diagcmsl  take  the  square  of 
f  the  sum  of  the  diameteh ;  and  twice  the  square  root 
the  remainder  will  be  the  length  of  the  cask, 

EXABPLSS* 

.  The  bong  (fiameter  of  a  cask  is  84,  the  head  dia«* 
er  18,  and  the  diagonal  25.8  inches;  what  is  the 
?th  of  die  caA  ?  Ans,  SO  inches,  nearfy. 

^  The  bung  diameter  of  a  cask  is  S5,  the  head  dia* 
ter  S9,  and  the  diagonal  40  indies;  required  the 
gth.  Ans.  48  mckes. 


CUBE  ROOT. 

^Q  extract  the  Cube  Hoot  is  to  find  such  4  number  as 
Qg  multiplied  by  itself  and  thift  product  again  by  the 
le  number^  will  ^rodiioe  the  given  number.  Thus  the 
be  Root  of  X25,  is  5 ;  because  5  squared,  or  multiplied 
5y  and  that  product  by  5=::125,  the  proposed  numben 

RULE, 

Divide  the  given  number  into  periods  of  three  figures 
^>  by  phK^g  8  |ioiiit  above  eveiy  third  figet;  be- 
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ginning  at  unit's  place,  and  proceeding  to  the  left  in  in- 
tegerSf  and  to  the  nght  in  decimals. 

Find  the  greatest  cube  root  contained  in  the  first 
period,  on  the  left-hand,  and  place  it  on  the  right-hand 
of  the  given  number,  after  the  manner  of  a  quotient 
figure  in  division. 

Subtract  the  cube  of  this  root  from  the  first  period ;  to 
the  remainder  annex  the  three  figures  in  the  following 
period ;  and  call  this  number  the  resolvend. 

Under  the  resolvend,  write  three  times  the  root  above 
fi)und,  and  also  three  times  its  square ;  placing  the  latter 
one  figure  to  the  left  of  the  former ;  and  cidl  their  sum 
the  divisor. 

Find  how  often  this  divisor  is  contained  in  the  resoU 
vend,  exclusive  of  the  place  of  units ;  and  set  the  result 
in  the  quotient,  to  the  right  of  the  root  already  found. 

Under  the  divisor  write  the  cube  of  the  last  quotient 
figure ;  its  square  multiplied  by  three  times  the  former 
figure;  and  its  triple  multiplied  by  the  sauare  of  the 
former  figure ;  placing  each  one  figure  to  tne  left ;  and 
call  their  sum  the  subtrahend. 

Subtract  the  subtrahend  from  the  resolvend,  and  to  the 
remainder  brin^  down  the oiext  period,  for  a  new  resoU 
vend,  with  which  proceed  as  before ;  always  repeating 
the  same  process  for  each  period,  and  the  quotient  tbua 
obtained  will  be  the  root  required. 

JfoU  l«  The  last  figure  of  the  root,  in  each  operation,  mmd  be  90 
taken  that  the  subtrahend  may  be  less  than  the  resolvend. 

8.  When  the  dedmals  in  the  giv^n  number  do  not  ibrm  exact 
periods,  the  defect  must  be  supplied  by  placing  cyphers  on  the  riglit ; 
and  when  all  the  periods  are  brought  down,  the  operation  may  be 
continued  at  pleasure,  by  subjoining  three  cyphers  to  each  remaiuder. 

3.  The  cube  root  of  a  vulgar  fraction  may  be  obtained  by  reducing 
K  (0  a  dectn^al,  and  then  ej(tractix)g  the  root, 

A  Tahk  qf  Cubes  and  Roots. 

Cub^    1,      8,    87,    64,  125,  216,  343.  fil2,  729. 
RooU     1,      2,      S,      4t,      S,      6,      7,      8,      9« 

EXAMPLES. 

1.  What  is  the  cube  root  of  527di375« 
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52734375(375  Afu. 
25734 


9  triple  of  S. 
27    triple  square  <^  5. 

279divi8or. 


343  cube  of  7. 

441    iqiiaTeof  7xb7dietripleof  5. 
1^     tnpleof  7xby  tfaegqmreof  3. 

p653        subtrahend. 

8081375  aedcmd  leaolvcML 

111  triple  of  37. 
4107    triple  square  of  37. 

41181  second  divisor. 

125  cube  of  5. 
2775    square  of  5  X  by  the  triple  of  37. 
20535      triple  at  Sxhy  the  square  of  37. 

2081375  aecBBd  srfilrahettd. 

^fqoired the  cube nNH of  63044792.  ilM398. 

What  is  the  cube  rool  of  p5S5&5Z56  ?  Ans.  9^. 

Required  the  <nibe  root  of  633.839779.  Ans.  8.59, 

Wbat  is  the  edbe  root  of  1006.012008?  Am.  10.02. 

Requited  Ae  cube  root  of  .898632125.  Ans.  .96A. 

^^  is  the  cube  root  of  }}?  ^Iiu.  .967. 


CUBE  ROOT, 

'^tXO    n   MQVtlVG    VSXFVL    MATHEMATICAL 

l^ftOBLBMS. 

PROBLEM  I. 

^(he  MeitfaeMcdl  ves$d  thai  aiofi  be  tMl  m 
*^^  /q  aiiy  given  veud  whose  form  is  that  of  a  pa* 
^^^^^^pipedon,  a  ct^ider,  a  prism,  a  e^m,  4^.  ^c, 

« 

RULE, 
^tract  the  cube  loot  of  the  ormtent  of  the  ^ven  ves* 
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sel,  and  it  will  be  the  side  of  the  cubical  vessel  re- 
quired. 

N<Me»  When  the  content  of  the  given  vessel  is  in  ale  or  wine  ganons* 
or  malt  bushels,  it  must  be  brought  into  inches,  by  multiplying  by  289 
for  ale  gallonj,  S31  for  wine  gallons,  and  2150.42  for  malt  bushels ; 
these  being  the  cubic  inches  contained  in  one  gallon,  and  one  Imsbel 
respectively. 

EXAMPLES. 

1.  The  content  of  a  vessel  in  the  form  of  a  parallel- 
opipedon  is  21 6000  cubic  inches ;  what  must  be  the  sidit 
of  a  cubical  vessel  that  shall  be  equal  in  content  ? 

Ans.  60  inches. 

2.  A  cylindrical  vessel  contains  43  gallons  of  wine ; 
what  must  be  the  side  of  a  cubical  vessel  that  will  con- 
tain the  same  quantity  of  rum  ?  Ans.  21.496  inches. 

8.  A  maltster  has  a  cistern  in  the  form  of  a  squaie 
prism^  that  will  contain  48  bushels  of  barley  ;  what  must 
be  the  side  of  a  cubical  cistern  that  will  hold  the  same 
quantity  ?  Ans.  46.908  inches. 

PROBLEM  XL 

Gfoai  the  dimensions  txf  awf  vessd,  to  find  the  dimensions  ^ 
another  similar  vessel,  that  shall  be  any  number  qf  times 
greater  or  less  than  the  given  vessd* 

RULE. 

Multiply  the  cubes  of  the  dimensions  of  tlie  given 
vessel  by  the  given  ratio^  if  the  required  vessel  is  to  con- 
tain more^  but  divide  the  said  cubes  by  the  ratio,  if  it  is 
to  contain  less ;  and  the  cube  roots  of  the  products  or 
quotients  will  be  the  dimensions  required. 

EXAMPLES. 

1.  The  length  of  a  vessel  in  the  fonn  of  a  parallelopi- 
pedon  is  2l6,  its  breadth  125,  and  its  depth  64  inches  ; 
rejmired  the  dimensions  of  a  similar  vessel  that  shall  con- 
tain 8  times  as  much. 

Ans,  The  length  is  482,  the  breadth  250,  itnd  iU  depih 
128  inches. 

2*  The  depth  of  a  cylindriqal  vessel  is  64,  and  its 
diameter  27  inches ;  required  the  depth  and  diameter  of 
a  similar  vessel  that  shall  contain  27  times  as  much. 

Ans.  Thedepth  is  192,  and  the  diameter  81  inskes^ 
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Ute  (kpth  of  a  cjrlindrical  ycttd  if  SiS,  mi  iU 
£ter  125  fficbes;  what  must  be  the  Jimfminng  of  a 

3r  ressd  th«t  shaU  ooDtain  no  more  than  )  of  the 

%? 

'^depik  is  171.5,  and  the  diameUr  GSL5  meke$, 

^e  length  of  a  cask  is  S0»  the  bong  diameter  U4, 
leiiead  diameter  18  inches;  required  the  dfanea* 
)fasifflikr  Ga«k  that  shdU  coDtain  three  timei  as 

The  laigth  is  43.267,  ike  bung  diamder  34.614. 

'.  head  diameier  25.96  tndbff. 


PROBLEM  III. 

f^  dtmensiams  ami  conietU  of  €my  vessd,  tojbd  Ik 
""^^mm  of  a  smular  vessdqf  a  gioem  comUnL 

RULE. 

Eaclid's  Elements,  book  the  11th,  prnpontion  the 
ind  book  the  12th,  propoations  the  18th  and  18th, 
content  of  any  adikf,  is  to  the  cobe  of  its  dhnen* 
^  is  the  content  of  any  nmilar  solid,  to  the  cube 
^ensioDs.     (See  Theo.  20,  Part  HI.) 

EZAMPLBS. 

^e  content  of  a  vessel  in  the  form  of  a  peraDeU 
^<»), »  2625  cubic  inches,  its  length  25,  its  breadth 
(i  its  depth  7  inches;  required  the  dimensions  of  a 
'  vessel  whose  omtent  shall  be  21000  cubic  inches. 
TKe  length  is  50,  the  breadth  30,  and  the  depih  14 

The  diameter  of  a  cylindrical  vessel  is  SO  inches, 
pth  50,  and  ito  cmitent  125.33  ale  gallons ;  what 
^  the  diameter  and  depth  of  a  simiuir  vessel  that 
'^ntain  only  68.5  gallons  ? 

n^.  The  diameter  is  24.52,  and  the  depth  40.88  inches. 

^he  b(^tom  diameter  of  a  vessel  in  the  form  of  the 

imof  a  cone,  is  46  inches,  the  top  diameter  62,  the 

6o,  and  the  omtent  599*45  wine  gallons ;  what 
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•niusi  1>e  die  dknensions  of  a  skoilar  vessel  that  dudl  oon* 
tain  §46  galkma  ? 

AfU,  The  httUm  diameter  is  S8.65,  the  top  dkmeter 
72.18,  and  the  depth  69.85  inches, 

4.  The  length  of  a  eask  is  30  indies,  the  bang  dfame* 
ter  24,  the  head  diameter  18^  and  its  content  38.75  ale 
gtfUens ;  required  the  dimensions  of  a  similar  cask  Aat 
ahdi  contain  $5,6  gallons. 

Jkt9.  The  length  m  33.88,  the  bung  iiameUr  27.05,  and 
the  head  diameter  20.28  inches. 


PART  11. 

A  DEMitiPTJOS  of  the  ShimNG  Rule  ;  with  Direc-* 
tions  how  to  Jind  any  Number  vpmi  it ;  and  also 
the  AppUcatum  of  the  d^erent  tines  to  Multipli- 
cation^  Division^  the  Rule  of  Tkrecy  and  the  Ea:^ 
traction  of  the  Square  oflid  Cvie  Roots. 


DESCRIPTION  OF  thb  SLIDING  RULE. 

This  Instrument  is  in  the  Ibrm  of  a  parallelopipedon  ; 
has  four  sliding  pieces,  which  run  in  grooves,  and  is  oom« 
monly  made  of  box.  It  was  invented  bj  Mr.  Thomas 
JSverand,  about  the  year  1683,  and  is  generally  called 
Evecand's  Sliding  Rule. 

It  is  of  various  lengths,  as  6,  9>  12,  18  inches,  &c  ; 
but  12  inches  is  the  most  common  leng^. 

This  instrument  is  much  used  in  Gau^ng,  in  conse* 
quence  of  the  ease  and  expedition  vnth  which  calculations 
may  be  made  by  it 

lAnes  on  thtjlrd  Face  of  ihe  Rule, 

Upon  the  first  face  of  the  Rule,  is  a  line  of  nmnbers> 
marked  A,  which  is  called  Gunter's  Line,  from  its  in- 
ventor, Mr.  Edmund  Gunter ;  and  is  numbered  firom  Ae 
left  to  the  right  with  the  figures  1, 2, 3, 4,  5,  6, 7,  8, 9, 10; 
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bctwHD  cadi  of  thcM  l^goNt  sn  gncuM^ 


2l5a42,  is  a  fafwi  BIB  narked  If  B,  mgnifymg 
ubic  ioAtu  in  a  bonel  of  malt;  and  at  28S  u 
r  fanaB  pin,  aoarked  A,  denociiig  the  nomber  of 
iochea  in  a  gallon  of  ale. 

i  second  line  on  tUs  fatx  m  upon  tlie  slide,  and  is 
1  bj  the  letter  B.    It  is  dhrided  cnedy  in  the  same 
3r  as  that  snariced  A.    There  is  also  another  slide 
lich  is  used  with  the  former ;  the  two  brass  ends 
en  placed  together,  m  which  position  they  form  a 
e  radms  nuasiwred  from  the  left  to  the  right 
^Z3l,  aa  the  second  slide  or  radius,  is  a  brass  pin 
^d  W,  denoting  the  caibic  inches  in  a  gallon  of 
;  and  at  3.1416  is  another  brass  pin,  marked  C,  sig« 
ig  the  ciicanifierenoe  of  a  circle  whose  diameter  is 

these  fines,  multiplicBtion,  division,  proportion,  &c., 
be  performed;   and  the  manner  of  reading  and 
them  will  be  described  hereafter. 
K)n  the  back  of  the  first  slide,  marked  B,  are  placed 
ivisors  for  ale,  wine,  mash-ton  gallcms,  malt-bushels, 
\  starch,  diy  starch,  hard  so«>  hot,  hard  soap  cold, 
3  in  the  Table  of  Factors,  Dirisors,  &&,  Part  IV  ; 
he  back  of  the  second  slide,  marked  B,  contains  the 
-points  oorrespondiDg  to  these  divisors,  where  S 
s  tor  squares,  and  C  for  circles. 
on  the  same  face  of  the  Rule,  is  another  line  mark« 
D,  signifying  maiwdnidi;  and  is' numbered  from 
^ht  to  the  1^  with  the  figures,  S,  4,  5, 6,  7,  8,  9, 

1 1  or  10  on  this  Ime  is  placed  directly  opposite  to 
on  the  line  A;  and  if  it  be  called  1000,  the  hist 
■1  at  the  left-Old  of  the  role,  will  denote  2150.42, 
able  inches  in  a  Windiester  bushel;  but  if  10 
Bed  1,  the  last  division  at  this  end  will  be  2.15, 

te  as  the  first  ^vision  at  the  right-end  of  the  Rule. 
line  is  used  with  the  line  A,  and  the  slides  B  or 
lalt  gauging. 

Lmei  Oft  the  second  Face  of  ike  Rule. 

the  second  fiiee  of  the  Rule,  or  that  opposite  to 
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the  one  already  d^acribed,  ia  a  line  marked  D.  This 
line  begina  on  the  upper  edge  of  the  Rule,  and  ia  num- 
bered from  the  left  to  the  r^t  with  the  fignrea,  1,  2,  S, 
31^  32,  which  ia  at  the  right-end  of  the  Rule ;  the  line  ia 
then  continued  from  the  left-end  of  the  lower  edge, 
32,  4,  b,  6,  7,  S,  9,  10,  which  ia  the  laat  diviaion. 

At  17.15  is  a  braaa  pin,  marked  W  G,  aignifying  the 
circular  gauge-point  for  wine  gallona;  and  at  18.95,  the 
circular  gauge-point  for  ale  gallona,  ia  another  hmto  pin 
marked  A  G. 

There  is  also  another  braas  pin  at  46.37f  marked  M  S, 
which  is  the  sauare  guage-pomt  for  malt  bnshela ;  and  at 
6S.32,  is  anotner  marked  M  R,  denoting  the  round  or 
circular  gauee-point  for  mah  buahela* 

On  this  Bne  the  gauge-points  for  ale  gallona,  wine 
gallons,  &C.  may  also  be  found  although  they  are  not 
pointed  out  by  letters  and  brass  pins. 

The  second  line  on  this  face  of  the  Rule,  is  marked  C, 
which  is  upon  the  slide,  and  is  numbered  and  divided  in 
the  same  manner  as  the  lines  A  and  B.  Belonffing  to  the 
Rule  is  also  another  slide  C,  which  is  usea  with  the 
farmer,  in  the  same  manner  as  the  two  slides  marked  B. 

The  line  D,  and  the  two  slides  C,  are  used  in  finding 
the  contents  of  vessels  whose  form  is  that  of  a  cube,  a 
parallelopipedon,  a  cylinder,  &c.  &a 

By  these  lines  the  square  root  of  any  number  may  alao 
be  readily  extracted ;  for  if  1  on  C  be  set  to  1  on  D,  we 
have  against  any  proposed  number  on  C,  its  root  on  D. 

The  back  uf  the  first  slide,  marked  C,  is  divided,  next 
the  upper  edge,  into  inches  and  tenths ;  and  numbered 
'  from  the  left  to  the  right,  with  1,  2,  3,  4,  5,  &&  ;  the' 
second  line  is  marked  spkerqid,  and  the  third  line,  second 
varidi/,  and  both  are  numbered  from  the  left  to  the  right 
with  the  figures  1,  2,  3,  4,  5,  &c.,  and  the  spaces  between 
each  of  these  figures  are  divided  into  ten  equal  parts. 

These  three  hues  are  used  for  finding  a  mean  diameter 
between  the  head  and  bung  diameters  of  casks  of  the  first 
and  second  varieties,  which  is  performed  in  the  following 
manner :  Find  the  difference  between  the  bung  uid  head 
diameters,  on  the  first  line,  or  line  of  inches,  then  against 
it,  for  each  variety,  ia  a' number,  which  being  added  to 
the  head,  will  give  the  mean  diameter  aoiight;  hence  the 
cask  is  reduced  to  a  cylinder. 
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'.  bsck  flf  the  tecoixl  slide,  marked  C,  conuuns 
1  wvltjplkn  £ot  redvciii^  goods  of  one  denooiin** 
) their eqniValent  values  in  those  of  another:  Thus 
0  T  5.  f  sigiiifieB  that  to  reduce  strong  heer  at  \0s. 
rrelj  to  small  beer  at  Sa.  per  banrel,  you  must  muU 
be  number  d  gallons  of  strong  beer  by  5 ;  and  the 
t  will  be  the   equivalent  number  of  gallons  of 
)eer.     {  T  to  X  .2  |  signifies  that  small  beer  at  S«. 
rrei,  must  be  multipli^  by  Ji,  in  order  to  reduce 
trong  beer  at   lOc.  per  barrel      |  C  to  X  1.62  | 
>  that  to  reduce  cyder  at  1#.  lOd.  per  hogshead,  to 
beer  at  lOs.  per  baire),  the  number  of  gallons  of 
Tiust  be  multiplied  by  1.62;  and  to  reduce  strong 
cyder,  the  multiplier  is  .62. 

In  consequence  of  the  Tariom  dMnges  Uutt  have,  at  diffVrent 
l^en  place  in  the  dutki  upon  beer«  cyder,  &c  &£.,  scarcely 
ng  Ruieg  can  be  met  with  that  are  correct  in  these  mulupiien. 
oblem  on  this  subject,  in  Part  VL) 

I^tta  on  the  third  Face  tf  the  Rule. 

tKird  fiioe  of  the  Role  contains  a  line  marked  Seg>. 

S,  signifying  s^pnents standing;  and  is  numbered 
le  left  to  the  right  on  the  upper  edge  of  the  Rule, 

^1  3,  4>,  5j  6,  7»  8 ;  it  is  then  continued  on  the 
^?«>  8>  9,  10,  20,  50,  &c.  to  100. 

line  is  used  with  the  two  slides,  marked  C,  in 

the  uOa^  of  a  standing  cask,  or  the  quantity  of 
It  contains  when  it  is  not  full 

Ltncf  on  thefomth  Face  of  the  Rule. 

n  the  foordi  fioe  of  the  Rule,  or  the  one  opposite  to 
^^  described,  is  a  line  marked  Seg.  Ly.  or  S  L, 
^g  segments  lyins.  This  line  is  numbered  nearly 
same  mannor  as  tiie  last,  and  is  used  with  the  slides 
i^hging  lying  casks. 

se  are  all  die  lines  that  are  upon  this  Rule,  which, 
^^r  opmion,  better  adapted  for  practice,  than  any 
vith  which  we  are  acquainted, 

TTiere  are  various  kinds  of  SUding  Rules,  some  of  which 
ine  marked  E,  for  extracting  the  cube  roots  of  numbers,  and 
une  for  the  third  varietj  of  casks ;  they  are  however,  all  upon  the 
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same  prindple,  and  may  be  eaailjr  understood  from  the  foiegoii^  de- 
scription* 

There  is  also  a  rule  cbXM  BnHian*8  Rule,  whfch  has  lines  of  num- 
bers upon  it  similar  to  those  deseiibed  on  the  sliding  rale;  and  may 
he  use^  in  moat  cases  with  the  same  advantage.    (See  Cask  Gau^g;) 


THS  METHOD   OF  ESTIMATIHG  THE   VALUES  OF  THS 
DIVISIONS  ON  THE   SLIDING  HITLE. 

The  lines  marked  A,  B^  C^  and  D,  on  this  instniment 
are  all  logarithmic  line%  and  are  divided  Into  ip«oeB 
whtdi  are  propertioQal  to  the  logaridrais  of  the  munbers 
placed  at  tneir  ends. 

These  lines  were  first  placed  on  Rules  by  Mr.  Edmund 
Gunter,  who  in  the  year  1624^  first  made  the  diseovery 
of  applying  logarithms  to  extension ;  and  of  perlbnauB^^ 
with  great  fadhty^  by  means  of  a  pair  of  compasses^  and 
the  hne  of  numbers,  the  business  of  MultiplicatioD, 
Division^  and  all  Arithmetical  operations^  where  the  Rule 
of  Proportion  is  r^uired.  The  use  of  compasses^  how* 
ever,  being  found  both  troublesome  and  iaaccnratey  Mr. 
Thomas  Everand,  about  the  year  16BS,  made  a  very 
essential  improvement  in  the  application  of  the  line  of 
numbers,  by  contriving  one  line  to  slide  by  another  ; 
and  the  Rule  has  since  been  further  improved  by  Mr. 
Verie. 

In  order  to  obtain  a  proper  knowled^  of  the  line  of 
numbers,  it  is  necessary  that  you  mi^e  yourself  weU 
acquainted  with  the  values  of  the  different  divisions. 

Whatever  value  you  assign  to  1,  at  the  beginning  of 
the  lin^  whether  1, 10, 100,  or  1000,  the  following  in- 
tegral numbers  S,  3,  4,  6bc.  will  represent  twice,  wrioe, 
fi9ur*time8,  &c.  as  much;  consequently,  the  second,! 
will  be  10  times  the  value  of  the  first,  and  the  third  1 
will  express  100  times  the  valufe  of  the  first,  or  10  times 
the  value  of  the  second.  Thus  the  values  of  the  integral 
divistona  bein^  known,  those  of  the  subdivisions  may  be 
easily  a^certamed;  beiqg  always  the  quotient  obtami^ 
by  duviding  the  difference  of  any  two  adjoining  integral 
numbers,  by  the  number  of  parts  contained  between 
them. 
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divisions  am  ike  Umes  A,  B,  and  C. 

between  die  figures  1  md  9,  an  die  line  A» 
into    10    larger  divisions,   mnd   50   snuiW 
we  call   one  at  the  beginniiii^  of  this  Vine, 
vlll   the  following  figures  denote  two,  three, 
d  as  the  difierence  of  the  inte^^ral  divisions 
.alue  of  each  of  the  larger  suUlivi>ions  wi'I 
by  ^^^  or  .1 ;  and  the  vjdue  of  tmch  aC  the 
visions  by  j^^  or  .02 ;    consequent]/  tiie  v^ 
t,  2nd,  3rd,  4th,  5th,  &c.  divisions,  frooi    \, 
essed  by  Ij'g,  l/^,  l/^,  Ij*^,  1/^,  &c.  cr  in 
2j  1.04,  1.06,  1.08,  lrl,&c 
1  at  the  begmning  of  the  line  10,  then  will 
^  figures  be  read  20,  50,  40,  &c.;  and  the 
i  1st,  Sod,  Sfd,  Ac.  divisiaQs,  from  10,  be 
^Oi%,    ion,  lOfg,   10J8,  lOi?,  &cor  in 
2,    10.4,  10^,  10.8,  11.0;   henoe  it  appears 
the  harger  divimns  will  be  a  unii,  when  the 
d    10;    and  many  of  the  new  Rules,  anr 
uch  a  mann^  as  to  read  10,  II,  12,   1 ;, 

beep  alveady  advanced  oo  this  subject  will 
>inprelicnded    by  inspecting    the    ioliowing 

2,  the  tendis  are  divided  into  five  parts,  each 
rig  two  hundredths  ;  therefore. 

Then  will 
tlwlariQer 
divisions 


o  5,  ^e  tenths  are  divided  into  two  paH»^ 
itaioing  five  hondreths  ;  therefore, 

^)ThenwiUr    .OM     And 
2.   f  the  larger  1     a    f      the 
20.   f  divisions  }    h     L   smaller 
200.  J  represent  (  10,     )  divisions 

X}  10,  the  tenths  an  not  divided  at  all  •  rrm. 
he  hoDdndths  most  be  guested  at;   there^ 
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j5J  5.  f 
?-  J  50.  r 
t     (500.  3 


repre-  j   50.   I    ^„^^^^^ 
s^t    (500.  3    "^P^^e^t    ^10. 

Divisions  on  the  line  D. 

From  1  to  2,  the  tenths  are  divided  into  ten  parts^  d 
ed  hundredths ;  therefore, 

If  the  figure  C  .1  ^  Then wiU  C  .01  ^  Andthe  r  .C 
1,  at  the  be- J  1.  fthelarger)  .1  f  smaller  \  .0 
dnningofthej  10.  f  divisions  j  1.  t  divi-  f  .1 
Tine  represent  (lOO.  3  represent  ( 10.     )    sions     (  1. 

From  2  to  3,  the  tenths  are  divided  into  five  parts^  efl 
part  containing  two  hundredths ;  therefore, 

Ifthefi.  r       .2)  Then  will  r     .01^     And     (   .Oo 

gure2,  3     2'   C^elwger)     '^    V      ^^      J    -^2 
repre-    j   20.   C  divisions  j   1.     ^  smaller   j    .2 

sent     (200.  3  represent  (lO.     3  ^^^'^^ions  (2. 

From  S  to  the  end  of  the  line  I),  the  tenths  are  01 
divided  into  two  parts,  each  part  containing  five  hi] 
dredths;  therefore^ 

If  the    r       .3)  Then  will  C     .01 )     And     f  .OQ 
figure  3  3     S.   f  the  larger^     .if       the      j  .05 
repre-   j   SO.   ^  divisions  ^    1.     t  smaHer  "j  .5 
sent     (300.  }  represent  (10.     3  divisions  f  5. 

From  what  has  been  said  on  tliis  subject,  it  will  n 
be  difficult  to  find  the  point  upon  any  of  the  lines, 
which  any  given  number  is  represented ;  for  examp 
let  it  be  required  to  find  18.95  on  the  line  D. 

For  the  first  figure  1,  in  the  given  number,  call  1 
the  beginning  of  the  line>  10;  for  the  second  figure 
count  Sght  of  the  larger  divisions  as  units,  and  you  w 
have  the  point  where  18  stands  j;  then,  from  this  poi 
count  nine  of  the  smaUer  divisions  for  ,9,  and  half  of  t 
next  division  for  .05;  and  you  will  find  the  brass  f 
marked  A  O,  which  is  plaiped  at  18.jMf«  the  circular  gmi^ 
point  for  al^  gallons. 
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lain,  Svppam  h  be  leqmred  to  find  .001896,  .01895, 
.  1.895,  18.95,  189.5,  and  1895;  they  will  all  be 
1  at  the  aame  point ;  but  the  figure  1,  at  the  be- 
ing of  the  line,  most  be  conceived  to  be  of  a  differ* 
alue,  in  findhig  each  number;  via.  .001,  .01,  J,  i. 

00,  and  1000. 

'  this  method  of  oountingi  yoa  win  find  17.15,  at  the 
imarkfid  W  G;  46.S7  at  M  S;  and  52.52  at  M  R. 
on  the  line  A,  you  will  find  2150.4«  at  the  point 
ed  M  B,  and  282,  at  that  marked  A. 
isdy.  Let  It  be  required  to  Inid  305,  on  the  line  A. 
le  figure  3,  on  mis  line,  must  be  counted  300 ;  and 
e  second  figure,  in  the  siven  number,  ia  a  cypher, 
t  no  umih»  ;  bat  for  the  last  figure  5,  count  half*  a 

1,  or  one  of  the  smaller  diyiaiona,  and  you  will  have 
equired  number  305. 


THE  USE  OF  THE  SLIDING  RULE. 

PROBLEM  L 
Mnkiplicaium  by  the  linei  A  and  B. 

RULE.  * 

K%  unity  on  A  is  to  the  multiplier  on  B,  so  is  the  mul- 
licand  on  A  to  the  product  on  B. 

Or, 
As  unity  on  B  is  to  either  of  the  fiMrtore,  on  A,  so  is  the 
ler  factor  on  B  to  the  product  on  A. 

NaU  1.  It  win  somctines  happen  that  wben  the  multiplier  on  B, 
iet  to  unity  on  A,  the  multiplicand  cannot,  according  to  the  true 
meration  of  the  Rule,  be  properly  expressed  on  A ;  in  such  cases, 
er  having  set  one  of  the  ftcton  on  B,  to  unity  on  A,  divide  the 
^^  factor  by  some  power  of  10, — ^viz.  10,  100,  1000,  &c.  so  that 
e  quotient  may  be  found  on  A,  opposite  to  feome  division,  or 
t)duct,  on  B ;  then  multiply  this  product  by  the  same  power  of  10 
J  which  the  given  factor  was  divided,  and  the  number  thus  obtained 
ill  be  the  product  required.  Or,  which  is  the  same  thing,  after 
iving  set  one  of  the  factors  on  B«  to  unity  on  A,  Ui  6ndi|ig  the  other 
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factor  .on. A,  Cfttt.  tm%  10,  100,  1000,  &c.  as  the  case  may  require* 
am)  in  cstUnatiDg  the  product  on  B,  whatever  liuiDber  you  caUed 
unity,  in  valuing  the  ftuctor  on  that  line,  you  must  increase  it  in  the 
same  proportion  as  you  have  done  unity  on  A* 

2.  When  the  product  consists  of  more  than  three  or  four  figures, 
it  is  difficult  to  vidue  the  latter  figures  on  the  Rule ;  but  in  this  case* 
it  will  be  easy  to  bear  one  or^  two  in  the  memory  t  Thus,  if  it  were 
required  to  multiply  56  by  38,  the  product  will  be  2lt9 ;  for  the  last 
figure  is  kno^'n  to  be  an  8,  l^  multiplying  6  by  8,  mentally ;  and  it 
is  evident,  from  the  Rule,  that  the  product  is  more  than  2118,  and 
less  than  2138. 

3.  If  both  the  multiplicand  and  multiplier  are  whole  numbers,  the 
product  will  be  a  M'hole  number ;  if  one  be  a  whole  number,  and  the 
other  a  mixed  number,  or  both  mixed  numbers,  the  product  will  be  a 
mixed  number;  and  if  they  both  be  decimals;  the  product  will  be  a 
decimal.  Also,  the  product  will  always  have  as  many  decimal  places 
in  it,  as  there  are  iti  both  the  fiMrton. 


EXAMPLES. 

1.  What  is  the  product  of  9  multiph'ed  by  7  ? 

Set  7  (M  Bio  I  on  A,  then  against  9  on  A,  it  63  on  B. 

Or,  by  Proportion^ 

A  1  on  A  :  7  ofi  B  : :  9  o»  A  :  63  cMi  B;  Or,  As  I  on 
B  :  7  on  A  : :  9  on  B  :  63  on  A. 

2.  Required  the  product  of  15  multiplied  by  8. 

Ans.  ISO. 

3.  It  is  required  to  multiply  64  by  24. 

4.  What  is  the  product  of  265  by  128  ? 

5.  Multiply  S.5  by  5,S. 
&  Multiply  47  by  3.5. 

7.  Multiply  S.5  by  1.7. 

8.  Multiply  6.2  by  2.4. 

9.  Multiply  1.8  by  .9- 

10.  Multiply  64.7  by  32.8. 

11.  Multiply  86.3  by  .32. 

12.  Multiply  .562  by  .238. 


Ans,  1536. 

^111.  33920. 

Ans.  45.05. 

Ans.  16.45. 

Ans.  5.95. 

Ans.  14.88. 

Ans.  1.62. 

Ans.  2122.16. 

Ans.  27.616. 

Ans.  133756. 


r  II.)     TBS  ESK  OF  THX  nJWHG  nVhZ.  8S 

PROBLEM  II. 
Dimtkm  hy  the  lines  A  and  B. 

RULE. 


\s  the  diviflor  on  B  is  to  unity  on  A^  eo  is  thr  divi- 
3n  B  to  the  quotient  on  A. 

\5  the  diviaor  on  A  is  to  unity  on  B,  so  is  the  diTi« 
on  A  to  the  quotient  on  B. 

L  When  the  divisor  on  B  is  wt  to  unity  on  A«  if  the  dividend 
je  properly  ezfirefleed  on  B,  according  to  the  true  munemtjon  oC 
e,  you  must  divide  it  by  some  power  of  10,  and  muitipiy  the 
t  by  the  Mone  number  by  which  you  divide  the  divideod.  (See 
:  Note  in  the  last  ProUem.) 

r  the  iaviaat  and  dividend  be  both  whole  numbers,  and  the 

less  than  the  dividend,  the   quotient  will  be  a  whole,   or  a 

number  I    bnt  if  tfaedsviaor  be  gmfter  than  the  dividend,  the 

It  will  be  a  decimaL    Also,  if  the  divisor  be  a  whole  number, 

e  dividend  a  decimal,  the  qaotiat  will  be  a  dedmal ;  if  the 

be  a  deomal*  aad  the  dividend  a  whole  number,  the  quotient 

either  a  whole,  or  a  mixed  number ;   and  if  both  the  divi«r 

'.idend  be  dpcimals  the  quotient  will  be  a  dedmal  when  the 

is  greater  than  the  dividend ;  but  when  it  is  equal  to,  or  less 

he  dividend,  the  <|iiatient  will  be  either  a  whole,  or  a  mixed 

T. 

Vhen  the  diviflor  is  grcttcr  than  the  dividend,  you  must  conceive 
patent  mrp''**'  of  cyphers  to  be  placed  on  the  right  of  the 
id,  as  dedmals;  and  you  must  always  remember  that  there 
>  as  many  decimal  places  in  the  quotient  as  the  dividend  contains 
:han  the  divisor. 

Lt  is  sometinies  difficult  to  know  how  many  whole  numbers,  and 
nany  dfr?"^^«  there  should  be  in  the  quotient ;  but  this  may 
be  ascertained  by  inspection :   Thus,  if  it  be  required  to  divide 
a ;  it  is  evident  that  there  will  be  two  whole  numbers  ia  the 
^nt,  and  the  rest  of  the  figures  will  be  decimals. 
ain,  let  it  be  required  to  divide  32  by  4&     Here  it  is  evident  that 
must  be  a  cypher  placed  on  the  right  of  the  dividend,  before  it 
ontain  the  divisor  ;  hence,  ail  the  quotient  will  be  dedmals. 
stly,  let  it  be  required  to  divide  22  by  365.     Here  it  appears  that 
yphers  must  be  affixed  to  th^  dividend,  before  we  can  divide  it 
e  divisor ;  hence  all  the  quotient  will  be  decimals,  and  the  first 
eantheJeftwiUbeacypher. 


84  THE  CSX  OF  THE  SIIDIKG  RULE.      (PART    XI 

1.  What  is  the  quotient  of  8  divided  by  2  ? 

Set  2  on  B  to  1  on  A^  then  against  $  on  B,  w  4  o»  A  ;; 

Or,  h^  ProportioBs 
AsZonB:ionA::SonB:^a»A;Or,As2on  A. 

I  onB  ::  Son  A  :  4ionB. 

2.  Divide  42  by  7-  Ans,    \ 

3.  Required  the  quotient  of  96  divided  by  8. 

Ans.    Ij 

4.  Divide  1556  by  24.  Aus.    & 

5.  What  is  the  quotient  of  3^920,  divided  by  128  ? 

Ans.  26i 

6.  Divide  45.05  by  5.3.  Ans.    8.^ 

7.  What  is  the  quotient  of  16.45  divided  by  4.7  ? 

Ans.   3.^ 

8.  Divide  14.88  by  2.4.  Ans.  6.i 
9-  Required  the  quotient,  of  1.62  divided  by  .9* 

Ans,   1 J 

la  What  is  the  quotient  of  2122.16  divided  by  32.8  ? 

Ans,  64.1 

11.  Divide  35  by  125.  Ans.  ,2^ 

12.  What  is  the  quotient  of  1-5  divided  by  632  ? 

Ans,  .OZS'i 

PROBLEM  III. 

To  find  a  fourth  proportional  to  three  numbers ;    or   I 
perform  the  Rule  of  Three  by  the  lines  A  and  B, 

RULE. 

As  the  first  term  on  A>  is  to  the  second  on  B ;  so  is  th< 
third  term  on  A^  to  the  fourth  en  B. 

•  Note.  Tlie  method  of  finding  a  third  proportional  is  ezactlj  thi 
nme ;  the  second  number  being  twice  repeated  t  Thus,  if  a  thin 
proportional  be  required  to  80  and  60 ;  it  will  be  as  80  on  A  :  60  oi 
B  ::  60  on  A  I  45  on  B,  the  third  proportioiial  sought. 

EXAMPLES. 

!•  If  12  yards  of  cloth  cost  5&.  what  will  18  yards 
Qpst  at  the  same  rate  ? 
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yds,  s.  j/ds.  1. 

As  lion  A  :  56onB  ::  18  on  A  :  84oiiB. 
f  44  gallons  of  ale  cost  5Ss.  what  will  8  gallons 

Ans.  I  Of. 
f  24  candles  weigh  a  pounds  what  is  the  weight  ot 
andles?  Ans.  150/6. 

\liaX  is  the  fourth  proportional  to  the  three  niim- 
J,  24,  36  ?  Ans.  72. 

'  3\  bushels  of  malt  cost  28#.  6d.  what  will  8| 
icost^  •  Ans,  7&78#. 

'  agallooof  romobst  19#.  9iL  what  will  45)  gallons 

Ans.  898.&. 

PROBLEM  IV. 

Inverse  Proportion  by  the  Unes  A  and  B. 

RULE. 

le  third  term  on  A>  is  to  the  first  on  B,  io  u  the 
on  A,  to  the  fourth  on  B. 

CXAMPLCS. 

'  20  workmen  can  build  a  brew.houae  in  180  days ; 
my  workmen  can  build  it  in  90  days  ? 

da,  men,  da.  men, 

90  on  A  :  20  on  B  H  180  on  A  :  40  on  B. 
!ow  many  gallons  of  rum  at  1&.  per  gallon,  are 
1  value  to  8  gallons  of  brandy  at  20s,  per  gallon  ? 

Ans.  10  gaUonsn 
'  8  men  can  do  a  piece  cf  work  in  18  days,  in 
my  days  can  48  men  do  it  ?  Ans*  S  days, 

'  2  Exdae  Officers  can  gauge  and  fa.  a  certain 
-  of  utensils  in  12  days,  in  how  many  dajrs  can  6 
;  gauge  and  fix  them?  Ans,  4  days. 

PROBLEM  V. 

uce  a  vvlgar  Jraction  to  a  decimal^  hy   the  Unes 

AandB. 

RULE. 

Jie  denominator  on  A,  is  to  unity  on  B,  so  is  the 
Ltor  on  A,  to  the  required  decimal  on  B. 
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THE  USE  or  THE  SLIDING  HULE.      (pART  II.) 


SXAMPL£8. 

1.  Reduce  ^  to  a  decanal  fVactton. 

Denam,       Unity.        Num.      DecimaL 
As4ionA:i(mB::  I  on  A  :  .25  on  B. 

9.  Reduce  }  to  a  decimal  jins.  .5. 

3.  Reduce  f  to  a  decimal.  Ans.  .75'. 

4.  Reduce  |f  to  a  decimal.  Jr^,  [qS, 

PROBLEM  VI. 

Having  a  divisor  given,  to  Jind,  hy  the  lines  A  and  B,  a 
factor  thai  shaU  perform  the  same  by  MvUipUcatim  as  the 
divisor  would  do  by  Division. 

RULE. 
fiu^rSugft""  ^"^  "  *°  ""'*y'  so  ia  unity  to  the 

EXAMPLES. 

nu^  ?**  *"''***  ^  *^^^  ''*"*  wiU  be  tie  &ctor  to  that 
^^125  <»  A  ;  1  o«  B  ::  1  a,  A  ;  .008  «.  B,  the/actor 

2.  If  the  divisor  be  282,  what  wiU  be  the  fijctor? 

3.  The  divisor  is  281.  what  is  the  fiictor  ?*"**  '^^^' 

4.  What  is  the  ftctor  to  the  divisor  2150.42?'  ■°*^**** 

Ans.  .000465. 

PROBLEM  VII. 

Hamug  a  /actor  given  to  Jutd  a  tUvua-  hu   the  lines 

A  and  B. 

RULE. 

As  the  &ctor  isto  mity,  so  is  unity  to  the  diviaor. 


(PAIT  it)      THS  OSS  or  THX  •UOlVa  tULS.  S7 


I.  Find  a  divisor  to  the  fiicCor  .00$. 

At.(X)SomA  :  1  mB  :;  lonA  ;  lUom  B,  lie  dkfim 

iorsomgki. 
S.  The  £bcU3t  u  .005546,  what  is  the  dinior? 

Am.  ItH. 
S.  If  a  factor  be  .00i329»  what  ie  the  divisor  ? 

Am.  m. 

4.  Fmd  a  divisor  to  the  factor  .000465.    Am.  2150.48. 

PROBLEM  VIIL 
To  squmrt  amf  numier  hf  the  Urns  C  and  JX 

RULE. 

SetlonDtolonC,  then  against  the  given  mim« 
ber  on  D,  is  its  square  on  C 

EXAMPLES. 

1.  What  is  the  square  of  3  ? 
SaionDtolmC;  then  agaiml  Sml>,i»9mC 

5.  Required  the  square  of  12.  Am$.  144. 
S.  What  is  the  square  of  17.5  ?  Am.  506.25. 
4.  Find  the  square  of  125.8.                   Am.  15825.64. 

PROBLEM  IX. 

To  extract  the  Square  ffoot  ef  ang  mmAer  bg  lie  Ams 

CandD. 

RULE. 

Set  1  on   C  to  1    on   D,   then   against   the   ^voi 
number  on  C^  is  its  root  on  D. 


CZAMPLES. 


1.  What  is  the  square  root  of  9  P 
Sell  onCiol  on'Di  ihm  agojiml  9  on  Q,  if  5  «a  ]|^. 

£ 


88         Ttns  tsnc  ot  the  siiding  kcle.    (past  in. ) 

2.  Required  the  squaw  foot  of  144.  Ans.  12. 

S.  What  18  the  sqwure  root  pf  306S5  i  Am.  17.5. 

4.  Find  the  square  root  of  1583^*64^  Aw.  1S5.8. 

^0to.  'When  the  Rule  is  set  as  directed  in  the  M  two  PiobleinBi 
the  lines  C  and  D  iofm  a^laUe  of  aquarca  and  thdr  xootM. 

PROfttEM  X. 

•       • 

Ih  find  a  geomelrieid  meam  propariumai  between  (wo  num-m 
bers,  or  to  extract  the  Square  Root  of  their  product  by 
the  lines  C  and  D. 

RULE. 

Set  one  of  the  given  numbeva  on  C,  to  the  same  on  D  ; 
then  against  the  other  number  on  C,  wIU  be  the  mean 

EXAMPLBS. 

1.  What  is  the  mean  pro^rtiooal  between  9  and  16  ? 
Set  9  on  ^  to9  onD  ;  then  against  l6  onC,isl2  on  D. 

2.  What  is  the  mean  geometrical  proportion  between 
48  And  MS?  Ans.  108^ 

3.  Itsquired  the  proportional  between  18  and  52. 

Ans.  24. 

4.  Find  the  mean  propoitional  between  96  and  466. 

Ans.  216. 

PROBLEM  XL 
To  cube  any  ^number  ly  ike  Unes  C  and  D. 

BULB. 

Set  I  on  D>  to  the  root  or  given   number  on  C ; 
then  against  the  root  on  D^  is  the  cube  on  C. 


EXAICPLBS. 


1.  What  is  the  cube  of  4  ? 

Setlon'D,to4tQnC;  then  against  4  oik  D«  t>  64  o«  C 

t.  Required  the  cube  of  12.  Ans.  I7S6« 


At  is  tbe  cnbe  of  18  ?  Au, 

loired  tfae  cube  of  35.  Ams.  4887^ 

PRC^LEM  XIL 

d  th€  Ctthe  Roai  cf  any  nunAer   Ay  tke   Umh 

CandD. 

RULE. 

the  sfide  ather  way,  until  1  at  tbe  beginning  of 
I>,  10  at  the  end  of  the  line  D,  and  tbe  gi^cn 
t>n  O^  cat  the  aaine  Dumber  on  the  oppoeite  fines ; 
number  will  be  the  root  required. 


iat  is  ^le  eube  Met  of  8? 
\  on  ifte  JtfitfC,  them  mcne  th$  dUk  tMftf  1  on  D,  8 
d\0  fmT>,eyi  the  aeme  fMnnto*  on  iht  oMNwdt 
kh  yaa  vnU  find  iobe2,ihe  cube  root  ftqmftd, 
iiuired  the  cube  root  of  64^  Ans,  4. 

latistiiecabarootaf  180?  AMM*^4fi* 

quired  the  cube  root  of  200.  An»^  5t84« 

imt  is  the  cube  root  1728  ?  Atu.  1£. 

lat  is  the  cube  root  of  1000  ?  Ant.  10. 

S  the  Sliding  Rule  has  the  line  E  upon  it,  leC  unity  at  thm 
of  D,  to  unity  at  the  bqpnning  of  E;   then  a^alnat  any 
1  K,  is  its  cube  itxit  npon  D,  aad  tm»  venL 


PART  III. 

i^ioTM,  ProbUmSiOnd  TheorevMj  in  Geometry. 


iCETBT  originally  signified  tho  art  of .  measuring 
th,  or  any  mstance  or  dintnaiona  i^Mia^  or  withiA 
;  it  18  now  used  for  the  science  of  quantity,  exten- 
r  magnitude,  abstractedly  considered. 
MBTRT  is  divided  into  several  parts^  as  efemaitory, 
leal,  and  practical* 


M 


eEOteETEICAI,  DEFIMITIOKS.        (PAKT  HI.) 


Elementary  Geometry  treats  of  the  properties  and 
proportions  of  right  hnes^  and  right  lined  figures;  and 
also  of  the  circle  and  its  several  parts. 
^  Theoretical  Geometry  has  for  its  object  the  demonstra- 
tion of  certain  geometrical  theorems. 
'  Practical  Geometry  is  the  performance  of  certain  geo- 
metrical operations^  such  as  the  construction  of  figures, 
and  the  drawing  of  lines  in  certain  positions,  as  puallel, 
perpendicular,  &c.  to  other  given  lines. 

GEOMETBICAL  DEFINITIONS. 

1.  A  point  is  considered  as  having  neither  length, 
breadth,  nor  thickness. 

2.  A  line  has  length,  but  is  considered  as  having 
neither  breadth,  nor  miokness. 

3.  Lines  are  either  right,  curved,  or  paralleL 

4.  A  right  or  straight  line  lies  wholly  in  the  same  di- 
rection between  its  extremities,  and  is  the  shortest  die« 
tance  between  two  points. 


•   5.  A  curved  line  continually  changes  its  direction  be- 
tween  its  extremities. 


6.  Parallel  lines  always  remain  at  the  same  distance 
from  each  other,  though  infinitely  produced. 


7.  A  superficies  has  length  and  breadth,  but  is  censi. 
dered  as  having  qo  thickness. 


m^'  m* 


(rAftT  III.)      «BeiuT»iCAL  hbfivitioviu  4i 

8*  A  mpefBmm  may  be  contwned  widiiB  000  corved 
lin^  bat  cannot  he  contained  within  fewor  than  tbive 
straight  lines. 

9-  A  solid  is  a  figure  of  three  dimensions ;  namely, 
length,  breadth^  and  thickness. 


1(X  An  ai^le  is  the  indfamtioii  or  opening  of  two  Hne9 
having  Afferent  directions,  and  meeting  in  a  point,  which 
is  cifled  the  Msgaho'  point,  as  at  A ;  and  when  three 
fetter*  are  used,  tke  middle  one  denotes  tlmt  point. 


11.  Angles  are  of  three  kinds;  vis.  right,  acute,  and 
flbtuse, 

12.  A  right  angle  is  made  by  two  right  lines  which  are 
popendicular  to  each  other* 


13.  An  acute  angle  is  less  than  11  right  migle^ 
C  A  B» 


D 


B 


14.  The  complement  of  an  angle  is  what  It  wtet»  th 
mpkttu  %ht  —gjjr  «the  «nglel>A  Bbthecem^ 

Es 


4S  eSOMETEICAt  >SFINITI0K8.         (PAKT  II 

15.  An  obtuse  angle  is  mater  than  a  right  anc^le^ 
B  C  p. 

D 


l6.  The  supplement  of  an  angle  is  what  it  wants 
two  right  angles^  as  the  angle  A  C  D>  is  the  suppleme 
t£  the  angle  BCD. 

.  17*  A  triangle  is  a  figure  or  superficies  bounded  I 
three  ri|B;ht  linesj  and  adniits  of  three  varieties ;  viz.  equ 
lateral,  isosceles,  and  scalene. 

]d.  An  equilateral  triangle  has  all  its  sides  equal 


19.  An  isosceles  triangle  has  only  two  of  its  sid< 
equal. 


tOf  A  scalene  triangle  has  all  its  sides  unequat 


tU  Triangles  are  also  right-angled^  aoute-angled.  anc 
obeuse-angled. 

.    92.  A  right-angled  triangle  haa  one  right  angle,  the 
aide  opposite  to  which  is  qdied  the  hypothenoit^  the 


(pitT  m.)     esoMXTBTCAL  BsrnnTiovt. 
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odier  two  bemg  termed  l^s,  or  one  the  peqMiidieiihr^ 
and  the  other  the  base ;  thus  A  C  is  the  hypothenme,  B  C 
theperpeDdicu]ar,.and  A  B  the  bate. 

C 


£3.  An  acute-angled  triangle  has  all  its  angles  acute, 


S4:  An  obtuse-angled  triangle  has  one  of  its  angles 
obtuse,  as  A  C  B. 

C 


S5.  The  base  of  any  figure  is  that  side  upon  which  it  is 
■opposed  to  standi  or  upon  which  a  perpendicular  is  let 
£ill  from  the  vertex  or  opposite  angle ;  and  the  altitude  of 
a  figure  is  its  perpendicular  height  In  the  last^gure 
A  B  is  the  base^  and  C  D  the  perpendicular. 

26.  A  figure  of  four  sides  and  angles  is  denominated  a 
quadrangle  or  quadrilateral  figure. 

27-  A  parallelogram  is  a  quadrilateral  figure^  having 
its  apposite  sides  parallel  and  equal,  and  admits  of  four 

nrieties ;  viz.  the  square^  the  rectangle,  the  rhombus,  and 

the  ihondboid. 
2S.  A  square  is  an  equilateral  paralldi^grami  having 

iQ  iti  angles  right  angles. 

I 


I 


M 


S9.  A  KctuMlc  is  a  pitralkfegntgB,  lutvii^  ito  ^pfotite 
»u|e»  <qiMl,  and  all  it«  mglea  r%;bt  aogUa, 


■H»l  I        H 0m 


30.  A  rhombus  is  an  equilateral  parallelogrtoi,  having 
its  opposite  angles  equal;  two  of  which  are  acute,  and 
two  obtuse^  which,  in  a  regular  rhombus,  arc  60  and  X20 
degrees. 


51.  A  rhorobokl  of  riiomboidet  is  a  pnrallelogpatn. 
having  ite  opposite  sides  and  angles  equal ;  two  of  Its 
angles  beittff  acute,  and  two  obtuse ;  and  when  the  figure 
18  regular,  the  angles  are  Qo  and  120  degrees. 


«2.  A  tfopeshim  is  a  (fvadiilateral  figim,  whosa  mbo« 
^aiti  Bidaa  are  not  parallel  to  eaok  ether,  cx'v^ 


dl  A  diagm^al  is  a  righl  line  joining  the  tr|rp[^to 
angles  of  a  quadrilateral  figure,  as  A  B. 

34,  A  trapezoid  is  a  qui^Uterat  figufe^  having  two  of 
its  opposite  sides  parallel. 


u^ 
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m 


$5.  Pkoe  igares  having  mote  than  fbar  ndas,  are 
gaeal&y  calied  polygons;  and  receive  their  particular 
dflHimBMtinng  fiom  the  namber  of  their  sides  or  angles. 

36,  A  pentagon  is  a  polygon  of  five  sides ;  a  hexagon 
of  sii;  t  heptagon'  of  seven  ;   an  octagon  cf  eight;   a 
rxBtgaa  of  nine  ;    a  decagon  of  ten ;   an  undecagon  of 
dmea;  and  a  dnodecagon  of  twelve. 
Sf.  A  r^olar  polygon  has  all  its  sides  and  angles 
etpd;  irfaen  they  are  unequal^  the  polygon  is  irregtiUr. 
S&  A  circle  is  a  plane  figure,  bounded  by  a  curved 
line,  oJled  the  drcamference,  which  is  every  where  equi* 
tiistant  from  a  certain  point  within  it,  called  the  centre. 

H 


59.  The  diameter  of  a  circle  is  a  right  line  drawn 
thrnigh  the  centre,  and  terminating  in  tl^  drcumfevenos 
on  eadi  side,  as  A  B. 

40.  The  radius  of  a  circle  is  half  the  diameter,  or  it  is 
a  Tight  line  drawn  from  Uie  centre  to  the  circumference, 
as  C  D. 

41.  An  arc  of  a  circle  is  any  part  of  the  circumference, 
MthcarcEH-F. 

42.  A  chord  is  a  right  line  joining  the  extremities  of 
3n  src,  as  the  line  £  F  ;  and  the  vere^  sine  is  part  of  the 
<^eter  cut  off  by  the  chord,  as  G  H. 

43.  A  s^ment  is  any  part  of  a  circle,  bounded  by  an 
arc  and  its  chord. 

44.  A  semicircle  is  half  of  a  circle,  or  a  segment  cut 
^  by  the  diameter,  as  A  D  B. 

45.  A  quadrant  is  the  fourth  part  of  a  chrde,  as 
ADC 

46.  Atector  is  any  port  of  a  rirde  bounded  by  an  are 
and  two  radii. 
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,  *Z-  .T^f  circumference  of  every  circle  k  soMosed  to 
be  divided  into  560  equal  pwi»,  called  degrees;  eodi  d^ 
free  into  60  equal  parts,  called  minutea;  and  each  miant^ 
wto  00  equal  parts,  called  seconds,  &c 

48.  The  arc  of  a  quadrant  contains  90  deffreoi,  which 
It  the  measure  of  a  rigkt  angle. 

r  ^'  An  ellipse  is  a  ^ne  figure  hounded  by  a  curved 
ime,  called  the  circumference;  but  as  the  figure  is  not  «i 
circle,  It  18  described  from  two  point»  in  the  kmcest  dw.. 
meter,  called  the  foci,  or  focuses. 


i,?^*  '^®  longest  diameter  that  can  be  drawn  within  an 

elhpse,  is  called  the  transverse  diameter,  as  A  B ;  and  the 

^ortest,  the  conjugate  diameter,  as  C  D. 
Sometimes  thjne  diameters  are  termed  axei» 
5h  A  right-lined  figure  is  inscribed  in  a  circk,  or  tHc- 

circle  circumscribes  it,  when  all  the  ai^ular  points  of  the 

vgvtewre  in  dw  drcumference  of  the  circle. 

52,  A  right-lined  figure  circumscribes  a  drde,  or  tli^ 
curcle  is  inscribed  in  it,  when  all  the  sides  of  the  figure 
toueh  the  drcum&rence  of  the  drcle. 

53,  Identical  figures  are  such  as  have  all  the  sides  and 
all  the  angles  of  one,  respectively  equal  to  all  the  sides 
and  all  the  angles  of  die  odier. 

54,  Similar  figures  are  such  aa  have  all  the  angka  of 
^*  !?^  to  all  the  angles  of  the  other,  each  to  each  ; 
and  the  sides  about  the  equal  angles  proportional 

55*  A  Proposition  is  something  proposed  eidier  te  be 
^'  <>>^  to  be  demonstrated;  and  is  eitbw  a  Problem  or 
a  Theorem. 

56,  A  Pk'oblcm  is  something  proposed  to  be  done. 

^7.  A  Theorem  is  something  proposed  te  be  deiMn** 
strated.  * 
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51  A  Demonstntion  is  a  certain  and  ooovinciiig  |iraof 
ot  the  trntfa  of  some  propoaitioQ.  ^ 

^  A  Corolkry  is  a  consequent  trath,  gained  imae- 
tfiatdy  fion  some  preceding  truth  or  demonstratian. 

IKk  A  ScboHum  i»  a  remar^  or  obser  ration  made  upon 
aooe  preceding  Problem,  Theorem,  or  Demoostiation. 


GEOMETRICAL  PROBLEMS. 

PROBLEM  I. 
To  hittct  a  poem  Um  A  B. 


'?'( 


^B 


hfm  A  and  B  as  centres,  witli  any  radius,  gre^ 
^  half  A  B,  in  your  compasses,  describe  arcs  cutdnc 
^  other  in  m  and  fi»  Draw  the  linemC  a,  and  it  wiU 
ABinC 


^•te.  la  UmOds^  lame^  diawiag  pvaUcli.  mtaStig  pvpeaiieifen, 
^&cinthenfla  V^wd^o^f^  Qao^ijiet  when  jtbe  mSos  ip  too  gnal 
lo  be  taken  iir  a  pair  of  compaaseg,  a  measuring-tape,  or  a  chattL-lint 
T&Mst  be  ua^  *  and  the  intersections  or  arcs  may  be  made  filth  a 
P»eS,  or  witk' chi^  fin^y  pointed,  held  at  the  end  of  the  taptor 
line.  t*eiwi«n*tonlart.P»»IW«f*c»i«MtalMha<n^ 

^tdalk-liDe. 
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PROBLEM  II. 
To  bisect  a  given  angle  ABC* 

B 


From  the  point  B,  with  any  radius^  describe  the  i 
A  C.  From  A  and  C,  with  the  same^  or  any  other  f  adi 
make  the  intersection  m.  Draw  the  line  Bm  and  it  ¥ 
bisect  the  angle  A  3  C,  as  required. 


PHOBLEM  III, 
To  draw  a  fine  parallel  to  a  given  line  A  B. 

Case  1.  When  the  parallel  line  is  ,to  pass  through 
given  point  C. 

C             •      \r 
D 7 ^ — E 

A-^->*>i "—i- 1 B 

From  any  point  m,  in  the  line  A  B,  with  the  radius  m  C 
de9<3ibe  the  arc  C  n.  From  the  centre  C^  with  Uie  saml 
Iradius,  describe  the  arc  m  r.  Take  the  distance  C  n  in  th| 
compasses,  and  apply  it  from  m  to  r.  Through  C  and  i 
draw  the  line  D  £>  and  it  will  be  the  parallel  required. 


CinS.  When  Ae  pmUd  line  it  to  be  at  ft  gifimdb* 

tmoefiom  AB. 


B 


From  my  two  pobits  in  md  %  in  the  line  A  B,  with  a 
radius  equal  to  the  gi^en  distance,  describe  the  atcs  r  and 
0.  Draw  the  line  C  D»  to  toadi  these  arcs,  without  cut* 
ting  than,  and  it  wSL  be  the  parallel  leqoired. 

y«ie.  This  Problem  may  be  mofe  tmaij  peifaiuKd  bj  mcaas  of  a 
pvaUiukr,  which  may  also  be  uied  to  edTMili^  hi  eevcnl  opoa- 
tmk  Pkactiaa  GeomeCzy. 


PROBLEM  IV, 

'^^^rta  a  perpendicular  from  a  givm  point  C,  ina  gi»m 

UneAB. 


A       ,       , V  .      B 


On  each  side  of  the  PO>Bt  C,  take  any  two  equal  dia* 
^^,  Cm  and  C  n.  From  m  and  n,  as  centres,  with  any 
radios  greater  than  Cm  <HrC  Hi  deseribe  two  arcs  cutting 
eacho^inn  Draw  the  lineX^r,  and  it  will  be  the 
P^^^pcsodicolar  required* 


m 


ann(»TW<;Aff.«iuw<.iiM4<:     if4fk'r  ii 


» » 


PROBLEM  V. 


t  * 


From  a  given  point  Q,^  to  let  faU  a  perpendicular  upof 

(  given  line  A  R 

C 


A<m,4*A^s]       ,fc.     4» 


ri   III   »<riiiB[  ' 


i 

i 


.••r«» 


With  C  as  a  centre,  and  any  radius  a  litde  exoeedin 
the  distance  of  the  given  line,  describe  an  arc  cutting  A! 
in  m  and  n.  With  the  centres  m  and  n,  and  the  same  c 
any  other  radius  exce^^g  half  their  distance,  describ 
arcs  intersecting  each  other  in  r.  Draw  the  line  C  r  ;  ani 
CD. will  be  the  perpendicular  requir^. 


PROBLEM  VL 

To  Jind  the  centre  of  a  given  circle^  or  one  already  dd 

scribed^ 


Draw  any  chord  A  B,  and  bisect  it  perpendicularly 
with  CD,  which  will  be  a  diameter.     Bisect  C  D  in  the 
*  point  o,  which  will  be  the  centre  required. 
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PROBLEM  VIL 

Tomaie  B  iriangk  wkh  ikne  gkfeniimeip  anp  infQ  ^  mhkA, 
tda  together,  maul  be  graUer  than  the  thinL    (Euclid 

liSLJ 

Let  tbe  givoi  lines  be  A  BslS^  A  C:;  10^  and  B  Cot. 

C 


From  any  scale  of  equal  parts  (which  is  to  be  under- 
stood  as  employed  likewise  in  the  following  Problems^ 
lay  off  the  base  A  B.  With  the  caitre  A,  and  radius  A  C, 
desaibe  an  arc  With  the  cenffe'B,  and  radius  BC,  d». 
scribe  another  arc,  cutting  thf  fonner  in  C.  Draw  the 
Ines  A  C  and  B  C^  and  die  triable  wfll  be  tfuBBpleted> 

JVflte.  A  tzapezium  jmay  be  constructed  in  the  nine  manner  j  tevli^ 
the  foor  sides  aD4  <)ne  of  die  diagonals. 

PROBLEM  VIIL 

Hamg  given  the  boM,  the  petpenHctilar,  and  the  place  cf 
the  perpendicular  tipon  the  base,  to  construct  a  triangle. 

Let  the  baae  A  Bsld,  the  perpaidieokr  C  D=:6»  and 

thedirtam»AP=7- 


Make  A  B  equal  to  12^  and  A  D  equal  to  ?•  At  D  erect 
epemndieulal-I>C,  "^hfchaMke  equal  to  &  Jain  AC 
d  B  C,  and  tfae  figure  will  be  oMUptoted. 


F2 
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Ntie*  A  tnipesium  may  be  eoofltnicted  in  a  similar  Tpimner, 
having  one  of  the  diagonals,  the  two  perpendicidaia  let  BeQI  thei 
from  the  opposite  angles,  and  the  places  of  these  perpendiciilars  u 
the  diagonal;  and  a  trapezoid  may  be  constructed  by  drawing  the 
parallel  sides  perpendicularly  to  their  base  or  given  distanoa. 

PROBLEM  IX. 

To  ducribe  a  square  whose  side  shall  he  equal  to  a  git 

line. 

Let  the  giyen  line  ABs8« 
D.  C 


B 

Upon  one  extremity^  B^  of  the  given  line,  erect  tl 
perpendicular  B  C,  which  make  eqiul  to  A  B.  With  4 
and  C  as  centres,  and  the  radios  AB,  describe  an 
cutting  each  other  in  D.  Join  A  D  and  C  D  and  th 
square  will  be  completed* 

PROBLEM  X. 

To  describe  a  rectangular  parallelogram,  whose  length  am 
I       ,        breadth  shall  be  equal  to  two  given  lines. 

Let  the  length  A  B=rl2,  and  the  breadth  B  Cs6. 

C 


At  B  erect  the  perpendicular  B  C>  which  make  equal  to 
6.    With  A  as. a  oentie«  and  the  radios  B  Q  describe  an 
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at;  Aid  with  C  as  a  omtre,  and  the  ladiaf  A  B^deictfbt 

ffioAer  irc,  eat&ag  the  fanner  hi  D.    Uhmw  the  Inice 
A  D  «d  C  D,  and  ttie  rectangie  Witt  be  coeapieted. 

PROBLEM  XL 

(^pma given  rigki  line  to  constrtid  a  regular  rhombus. 
Let  the  givea  line  A  Bzd. 


Dnw  the  line  A  B  equal  to  8.    With  A  and  B  as 

centre^  and  the  radius  A  B,  describe  arcs  aitCin|f  eMh 

<^'m  D;  then  widi  B  and  D  as  centres^  and  the  8SH»> 

f^^,  make  the  intersecdon  C.    Draw  the  Imes  A  D, 

^  C,  and  B  Cy  and  Hie  i^Kimlnis  will  be  comj^eted. 

PROBLPI  XIL 

^0  cautrmi  an  irregular  rhombus,  having  given  its  sid& 

and  perpendicular  heighi, 

I^  die  aide  =:  8j  and  the  perpendieukr  «  6. 


Draw  A  B  equal  tor  8^  at  A  erect  the  perpendicular 
£|Whipl|  make  equd  ^  6;  and  draw  £  C  parallel  19 
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A  B.  With  the  nwGius  A  B>  and  A  a«  a  centre^  makej 
uitet»6CCioii  D ;  and  with  die  same  radius^  and  B  fi 
opitre^  make  tho  intersection  C,  Joda  AD,  D  C^  ^ 
C  B,  luid  the  figure  will  be  completed. 

PROBLEM  XHL 

Having  any  itvo  righi  lines  eiven,  to  construct  a  regu 

rhon£tnd. 

I^et  the  given  lines  A  B=rl2,  and  B  CsGu 


Draw  the  line  A  B  equal  to  12,  Take  in  your  co^ 
passes  the  line  B  C^  and  ky  it  from  A  to  C  With  A  ai 
J^  aa  centres,  and  the'  radius  A  £,  make  the  intersecd^ 
D;  Thfoi  with  9  as  a  ^ntre,  and  the  same  rudii^s^  d 
scribe  an  arc ;  and  with  D  as  a  centre,  and  the  radius  A  1 
describe  another  arc,  cutting  the  former  in  C.  Draw  tt 
Hnes  A  D,  DC,  ai^d  B  C,  and  the  rhomboid  will  be  am 
pleted^ 

PROBLEM  XIV. 

jPavbig  given  ike  base,  the  perpendicuiar,  and  thephue  ^ 
the  perpendici^r  upon  ike  ba^,  to  construct  an  irregula 
rhomboid. 

Let  the  basf  A  Bz;15,  the  pmieadicular  D  E=s6,  an< 
tb?  dtstapce  A  ^=z$. 


/f=7 
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MAe  A  B  eqaal  to  15,  and  A  £  aqiHil  to  5.  At  E 
erect  the  perpeiidicolar  £  D,  which  make  equal  to  6,  and 
join  AD.  With  the  ndioa  A  B«  and  D  aa  a  centre,  do. 
scribe  an  arc;  and  with  B  as  a  centre,  and  the  radius  AD, 
^mbe  another  arc,  cutting  the  fonner  in  C  Draw  the 
)inesDC  and  B  C,  and  the  figure  will  be  oompleted 

A^A:  The  ami  of  all  the  iotcriar  aqglct  of  an j  <|iiadrilatcnl  tigtut 
K  e^  to  four  xf^t  allies. 


PROBLEM  XV. 

Hnmg  ike  iratuverse  and  em^gaU  diamder*  ghe%  to 

conitnici  an  JUpte. 

Let  the  transverse  diameter  AB3sl4,  and  the  oonju* 
nte  diameter  C  D=8. 


/    C 


Draw  the  two  diameters  to  bisect  each  other  perpen« 
licularly  in  the  centre  a  With  the  radius  A  o,  and  the 
entre  U,  intersect  A  B  in  F  and  /:  these  two  points 
nil  be  the  foci  of  the  ellipse.  Take  any  point  m,  m  die 
ransverse  diameCer,  and  with  F  vid  ^  as  centres,  and  the 
adius  A «,  describe  the  arcs  G,  G,  g,  g*  TTien  with 
tie  same  centres,  and  the  radius  Bffi,  describe  arcs 
uttxDg  the  former  in  the  points  G,  G,  g,  g.  Thus  you 
riU  have  four  points  in  the  circumference  of  the  ellipse. 
Vgain,  take  a  second  point  a,  in  the  transverse  diameter, 
nd  proceeding  as  t>efore,  you  will  determine  other  four 
xnnts.  By  the  same  meth<xi  you  may  determine  as  many 
nore  as  you  please;  through  all  of  which,  with  a  steady 
mS^  dmw  the  circumference  of  the  ellipic^ 


56 
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Note.  An  ellipM  nay  also  be  constructed  at  IbUiswsi  ^tLthag  ^nind 
the  fod  F,  ff  as  before,  take  a  thread  equal  la  length  to  the  tiauwciae 
diameter  A  B,  and  fasten  its  ends,  with  two  pios,  ia  Hie  poilita  F»  /: 
then  stretch  the  thread  to  its  greatest  extent ;  and  by  moving  a  feacXi 
round,  within  the  thread,  keeping  it  always  tight,  you  will  trace  out 
the  curve  of  the  ellipse.  (See  the  2nd  Property  of  the  Ellipse, 
Part  V.) 

PROBLEM  XVL 
Upon  a  gken  line  AB,to  make  a  regular  pentagon. 

D 


Make  B  m  perpendicular  to  A  B,  and  equal  to  half  of 
it  Draw  A  m,  and  produce  it  till  mn  be  equal  to  B  m. 
With  the  radius  B  n,  and  A  and  B  as  centres,  describe 
arcs  cutting  each  other  in  o,  which  will  be  the  centre  of 
the  circumscribing  circle.  From  the  point  Oy  with  the 
same  radius^  describe  the  cirde  A  B  C  D  £ ;  and  apply 
the  line  A  B  five  times  to  the  circumference,  marking  tfaue 
angular  points,  which  connect  with  right  lines,  and  the 
figure  will  be  completed. 

PROBLEM  XVIL 

Vpm  a  given  line  AB,io  make  a  regular  hexagon, 

E D 


mr  m.)     gxomxtbical  vboblkms. 
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Fith  A  and  fi  as  oentre^  and  the  nkliiift  A  B,  liwcribe 
icsintmeRdngCMfa  ocber  ino;  and  witho  at  m  oentri^ 
nd  tbe  flane  radius,  describe  the  drde  A  BC  D E  P. 
Vpolj  the  line  A  B«  six  times  to  the  dicnnifacnoe^  and  it 
ffiil  fom  the  hexagon  requiied. 


PBOBLEM  XVIII. 
UponagumSme  A  B,  io  amttruci  a  rtgutar  odagotL 


On  the  exticmities  of  the  given  line  A  B,  erect  the  in* 
finite  perpendiculars  A  F  and  BE.  Produce  tbe  line 
B,  both  ways  to  si  and  »;  and  with  the  lines  A  H  and 
-,  eadi  equal  to  A  B,  bisect  the  angles  m  A  F  and 
IE.  DmwCDandHG  parallel  to  AFor  BE,  and 
^  equal  to  A  B.  With  D  and  6  as  centres,  and  the 
iins  AB,  describe  arcs  intersecting  A  F  and  B  E,  m  the 
Ints  F  and  E.  Join  G  F,  F  E^  and  £  D»  and  the  figure 
il  be  oompleted. 


PROBLEM  XIX. 
Jn  a  pven  iriangk  A  B  C,  ioi 


aarck* 
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Bfseettfa^  angles  A  and  B>  with  the  lihes  Ao,  fto,  and 
o  will  be  the  centre  of  th^  required  drele ;  and  its  radius 
will  be  the  nearest  distance  to  any  eiief  of  Uie  sides ;  hoice 
the  cirde  may  be  described. 

PROBLEM  XX. 

About  a  given  triangle  A  B  C,  to /nfcumscribe  a  circle,  €ir 
to  describe  the  circumference  of  a  circle  through  three 
given  points  A,  B,  C 


Bisect  the  sides  A  B^  B  C^  with  the  peipeftdiciilars  m  o 
and  n  o  ;  and  o  ViU  be  the  centre  a£  the  circle>  and  ks 
radius  will  be  A  o,  B  o^  or  C  o. 

PROBLEM  XXI. 
To  make  a  triangle  equal  to  a  given  trapezium  ABC  D. 


D 


Draw  the  diagonal  D  B,  and  nuraUel  to  it  draw  C  E, 
meeting  A  B  produced  in  £.  Join  the  points  D  E^  so 
shall  the  triangle  ADE  be  equal  to  the  trapexium 
ABCD. 


p  Air  m.) 


o  wak  c 


f» 


PROBLEM  XXIL 

411^^  by  tkt  Uneqf  chordionAepLme 


Dnv  the  unlimited  line  A  B ;  then  take  in  your  ooni* 
sses  60^  from  the  line  a£  chordBj  and  with  A  at  m 
ntRjdescnbe  the  arc  £  D.  Take  90^  from  the  Mme 
ilf,  and  set  off*  that  extent  from  D  to  C.  O^w  the 
eAC,  and  CAD  will  be  the  angle  required. 

PROBLEM  XXIIL 

^e  an  acute  angle  that  thaU  contain  ojug  number  qf 
degreet^  suppose  35^  S(f, 


A  D         B 

3raw  the  unlimited  l&ie  A  B ;  ^en  take  60^  in  your 
ipasses,  and  with  A  as  a  centre^  describe  the  arc  E  D, 
off  the  angle  35^  $(/,  fhmi  D  to  C.    Draw  the  Une 
^  and  C  A  D  will  be  tbe  aitgle  required. 

PROBLEM  XXIV. 

make  an  xtbtuse  angle  that  shall  contain  any  number  rf 
degrees,  suppose  128^  S5>'. 
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Dnw  the  indefinite  lineAB;  and  with  the  chc 
60^  in  your  compasses  describe  the  arc  D  £•  Set  ofl 
from  D  to  C ;  and  firom  C  to  O  set  off  the  excess  n 
go?,  which  is  38^  35\  Draw  the  line  A  G,  and  Ct 
will  be  the  required  angle. 

PROBLEM  XXV. 

To  find  the  number  of  degrees  cmUained  in  any  given  t 

B  AC* 


With  the  chord  of  60^,  and  A  as  a  centre,  describe 
arc'mn.    Take  the  distance  m  »  in  your  compasses, 
apply  it  to  the  line  of  chords,  and  it  will  shew  the  nun 
of  degrees  required. 

Nak.  Angles  may  be  more  ezpediticfusly  laid  down  or  measure 
means  of  a  semi-circle  of  brass,  called  "  a  Protractor,**  the  are  ot  w, 
is  divided  Into  180  degrees. 

PROBLEM  XXVI. 

Upon  a  given  line  AB,io  make  a  regular  polygon  of  i 

proposed  number  qf  sides. 


Divide  360^  by  the  number  of  sides,  and  subtract  t| 
quotient  from  180^ ;  and  divide  the  diflference  by  tin 
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^{ab  the  ai^^  ABC,  and  B  A C  odli  equal  to  the 
quodeDt  last  Sxmd ;  and  the  point  of  intenectioQ  C,  will 
be  tike  eeotre  of  the  drcumaerihing  dfde.  With  the 
radius  AC  or  EC,  deacribe  the  circle;  and  apphr  the 
chord  A  B  to  the  drcomference  the  propoaed  nunmr  of 
times,  and  it  will  farm  the  polygon  recpiired. 

PROBLEM  XXVII. 

^  any  gttfen  cirde  to  inscribe  a  repdar  pofygOH  cf  any 
prt^MMd  number  of  sides;  or  to  ditnde  the  ciratmfertncc 
into  any  number  qf  equal  parts. 


Divide  s6o^  by  the  number  of  sides,  and  make  the 
ijle  A  C  B,  at  the  centre,  equal  to  the  nomber  of  de- 
ees  contained  in  the  quotient ;  and  the  arc  A  B  will  be 
e  of  the  equal  parts  of  the  circumference ;  hence  the 
lygon  may  be  formed. 

Koie.  The  sum  of  all  the  ulterior  angles  of  any  polygon,  whether 
ular  or  irregular,  is  equal  to  twice  as  many  right  angles,  wanting 
ir,  as  the  figure  has  sides. 

PROBLEM  XXVIII. 

)  raise  a  perpendicular  Jrcm  any  point  D,  in  a  given  line 
AB,by  a  scale  of  equal  parts. 


n 


m     3     D      B 


6» 
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NTake  Dimc:^;  and  from  th«  poilito. I> and  tn,  with^ 
the  cUBtances  4  and  5>  describe  ascs  inlenacdm  eadi> 
otfler  m  n%  Ftodl  l>,  thnon^  the  poikit  n^  dnw  tm  lin» 
I>C,  and  it  will  be  the  perpenficular  required. 

Ncie.  This  Problem  may  be  perTonned'  by  any  other  numbers  In  the 
same  proportion ;  but  3»  4»  and  5  are  the  least  whale  numbera  that 
will  form  a  right  angled  triangle. 


PROBLEM  XXIX. 

To  find  the  centre  of  a  given^  ellipu,  or  oviUJigure,  and 
draw  the  transverse  and  conjugate  diameters. 

E  D 


B  H 

Draw  the  line  H  la,  in  any  part  of  the  ellinae  ;  then 
with  one  foot  of  yoiic  compasses,  on  any  assumea  point  a, 
at  a  convenient  distance  from  H  L,  make  the  intersection  b  ; 
and'  with  the  same  extent,  and  /^  as  a  centre^  taken  at  » 
convenient  distance  from  h,  upon  the  line  H  L,  describe 
the  arc  n  M ;  from  a  as  a  centre^  with  the  radius  h  fy  de- 
scribe another  arc  cutting  n  n  in  r ;  through  a  and  r  draw 
the  line  G  E,  and  it  will  be  parallel  to  H  L. 

Bisect  G  E  and  H  L^  in  the  points  s  and  c ;  throuffh 
these  points  draw  the  line  F  K ;  bisect  this  line  in  me 
point  O^  which  will  be  the  centre  of  the  ellipse. 

From  O  as  a  centre,  and  any  radius  of  a  Convenient 
length,  intersect  the  circumference  in  the  two  points  N 
and  I ;  join  these  points   by  the  right  line  N  I ;   and 
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timmi^  die  pmnt  4»mtiie  middle  of  dut  Kn^  and  the 
centre  O,  dnw  the  line  A  Q,  wiuch  will  be  the  trantvcne 
diamelBrof  the  dlqM. 

Fran  the  points  €,  €,  taken  at  equal  distanees  fram  the 
centre  O,  describe  arcs  iatei  seeling  each  other  in  g,g; 
thnwg^ii  these  pdnts,  and  the  centre  O,  diaw  the  oonm« 
gate  duaneiar  S  H,  «iid  it  IB  done. 


PROBLEM  XXX. 


Todtterndme  whether  a  ghen  otfoiJfgMrt  be 

^htmMirme 


iifir 


greaierer  k$t 


Jftt 


By  the  last  Problem,  draw  the  transverse  and  eoa»|Ufiile 
iismeters  A  C  and  B  D.  Wi^  the  ladins  A  O  m  the 
aonqMssea^  and  D  as  a  centre,  find  the  two  focases  F,  F. 
Takeastrin^  equal  in  len^  to  the  transverse  diameter 
A.C,  nod  make  its  ends  fiist,  with  two  pins,  at  <he 
GKssea.  Dnw  die  striai^  tight,  so  as  to  fiirm  the  triaa- 
gle  F  m  F ;  move  the  pcant  m  towards  C,  always  keeming 
both  parts  of  the  atisx^  stretched^  and  if  it  every  where 

comode  with  the  curves  the>figure  is  a  true  ellipse ;  if  it 

extend  beyond  the  curve  as  at  a,  it  is  less  than  an  ellipse ; 

and  if  it  £bSL  short  jo£  the  curve  as  at  r,  it  is  evidently 

gnaterthan  an  cSKpse.    (See  Prdb,  15, J 

^ote.Tbe]agt  two  Ptobteniii  are  f^iipntly  of  considenble  utility  in 
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PROBLEMS 

IN 

PRACTICAL  GEOMETRY, 

FOR  THE    EXERCISE  OF  THE    LEARNER. 


1.  The  length  of  a  given  line  A  B,  is  15  inches ;  it  is 
required  to  lay  it  down  by  a  scale  of  equal  parts^  and 
bisect  it  geometrically. 

2.  It  is  required  to  bisect  a  given  angle  A  B  Cf 

3.  Draw  a  line  C  D,  parallel  to  a  given  line  A  B^  at  the 
distance  of  eight-tenths  of  an  inch. 

4.  A  given  line  measures  18  inches;  it  is  required  to 
erect  a  perpendicular  to  this  line  at  the  distance  of  8 
inches  from  one  end. 

5.  The  three  sides  of  a  triangle  are  16^  ZO,  and  24  in- 
jches  respectively ;  it  is  required  to  lay  it  down  by  a  scale 
of  equal  parts. 

6.  The  base  of  a  triangle  measures  24^  the  distance  of 
the  perpendicular  from  one  end  of  the  base  14^  and  the 
perpendicular  itself  12  inches;  it  is  required  to  lay  down 
the  triangle* 

7«  Lay  down  a  square^  whose  side  is  16  inches. 

8.  The  length  of  a  rectangle  is  24,  and  its  breadth  12 
inches ;  it  is  required  to  construct  the  figure. 

9.  Construct  a  regular  rhombus  whose  side  is  24  in* 
ches. 

10.  The  base  of  an  irregular  rhombus  measures  16,  and 
the  perpendicular  breadth  12  inches;  it  is  required  to 
construct  the  figure. 

11.  Lay  down  a  regular  rhomboid  whose  sides  measure 
36  and  18  inches  respectively. 

12.  The  transverse  diameter  of  an  ellipse,  measures 
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28,andtlieoonjiigtte  l6  inches;   it  is  required  to  eon* 

struct  tiie  ^ore. 

lllhemdeci  ^tegaUathfOUtgom  meeeoves  liindes; 
it  is  regmsed  to  eoQfltmct  t!he  Ogive. 

li  It  18  icquiied  !to  sodw  en  acute  an^  diet  ehett 

13.  It  18  required  to  indKe  an  obtuse  angle  that  shall 

«rt»n  13S»  45; 


GEOMETRICAL  THEOREMS^ 


IXEM0N8TRATI0NS 

OF  WHICH 


^ay  ie  Mfn  in  the  Elements  of  Euclidj  Simpson^ 

and  Emerson, 


THEOREM  L 

if  two  stn^t  lines  AB,  CD«  cut  each  other  in  the 
iflti;  theai^le  A  EC  willfaeequaltothe  M^  D  £B» 

C 


— B 


THEORBM  II. 

"be  greatest  side  ef  ev^  triangle  is  opposite  to  the 
atest  vof^    f  JEmp.  L  IB.    Sw^,  L  Id.    Em.  II.  4.J  ' 

GS 


66  GSOMETBICAL  THEOEElfS.         (PART  III.) 

THEOREM  III. 

Let  the  right  line  E  F  fall  upon  the  parallel  right  lines 
A  B,  C  D  •  the  alternate  angles  A  G  H,  G  H  D,  are  e^jual 
to  each  other ;  and  the  exterior  angle  £  G  B,  is  equal  to 
the  interior  and  opposite,  upon  the  same  side^  G  H  D  ; 
and  the  two  interior  angles  B  G  tj^  G  H  D,  upon  the 
same  side,  are  together  equal  to  two  right  angles.  (Euc* 
/.  29.     Simp.  I.  7.     Em.  I.  4t.J 


THEOREM  IV. 

Let  A  B  C  be  a  triangle^  and  let  one  of  its  sides  B  C  be 
produced  to  D ;  the  exterior  angle  A  C.  D  is  equal  to  the 
two  interior  and  opposite  angles  CAB,  ABC;  also  die 
three  interior  angles  of  every  triangle  are  together  eoual 
to  two  right  angles.  (Euo.  I.  82.  Simp.  I.  g,  10.  Em. 
IL  1,  %.) 

A 


D 


THEOREM  V. 


Let  the  parallelograms  ABCD^  DBCE  be  upon  the 
same  base  B  C,  and  between  the  same  parallels  A  £,  B  C ; 
the  parallelogram  A  B  C  D  is  equal  to  die  parallelogram 
D  B  C  £.    (EuQ.  I.  35,    Simp.  IL  2.    Pm,  J  J  J.  Qj 


ASr  III.)         GSOMSTBICAL  THSOBSMS. 

A  D         E 


OT 


THEOREM  VI, 

Let  the  triangles  ABC,  D  B  C  be  upon  the  same  base 
C,  and  between  the  same  paralleLs  A  D,  B  C;  the  trian« 
ABC  is  equal  to  the  triangle  DBC.  (Enc.J.Sl. 
^p.IL2.    Em.ILlO.J 

AD 


THEOREM  VII. 

.et  A  B  C  be  a  right  angled  triangle,  having  the  right 
leBAC;  the  square  of  the  sideBCis  equal  to  the 
of  thesquares  of  the  sides  A B,  AC,    {Euc  /.  47 
p.//.  8.     £m.ir.21.J 

C 


rk.  Pythagoras,  who  was  born  about  2400  yean  ago,  discovered 
«lebtated  and  useful  tbeoron ;  in  consequence  of  whicli,  it  is  said, 
Tered  a  hecatomb  to  the  gods* 

THEOREM  VIIL 
et  A  B  C  be  a  ciicle,  and  B  D  C  an  angle  at  the  cen« 
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tre,  and  B  A  C  an  angle  at  Che  drcumferenoe^  which  have 
the  same  arc  BC  for  their  base;  the  angle  BDC  is 
double  of  the  angle  BAG.  (Euc.  Ill.StO.  Simp.  JII.  10, 
Em.  IV,  U.J 


THEOREM  IX. 

Let  ABC  be  a  semicircle;  Hkea  the  angle  ABC  in 
that  semicircle,  is  a  right  angle.  (Ehc.  II J,  31.  Simp. 
III.  13.    Em.  ri.  \^.J 


THEORE^f  X. 

I^et  D  £  be  drawn  parallel  to  B  C,  one  of  the  sides  of 
the  triangle  ABC;  then  BDistoDA,  asCE  toEA« 
(EuQ.  FI.  2,    Simp,  (F.  12.    Em.  lU  12  J 


j>  a 


iiT  ni.) 
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THEOREM  XL 

n  the  preceding  figure,  D  £  beinjg  parallel  to  B  C,  the 
ngles  A  B  C,  A  D  £  are  equiangular  or  tiinnar ; 
-eiore  ABistoBC,  asAD  toDE;  andAB  u  to 
,asADtoAE.     (Euc.VL^.     Simp.  IV.  12.     Em. 

1 3.  J 

THEOREM  XII. 

?t  A  B  C  be  a  right  angled  triangle,  having  the  right 
e  B  A  C ;  and  from  the  point  A  let  A  D  be  drawn 
endicuiarly  to  the  base  B  C ;  the  triangles  A  B  D, 
C  are  sinular  to  the  whole  triangle  ABC,  and  to 
other.  Also  the  perpendicular  A  D  is  a  mean  pro* 
onal  between  the  segments  of  the  base ;  and  eaai  of 
ides  is  a  mean  pro|>OTtional  between  the  base  and  its 
icnt  adjacent  to  that  side;  therefore,  B  D  is  to  D  A, 
AtoDC;  BCistoBA,asBAtoBD;andBC 
C  A,  as  C  A  to  C  D.  (Euc.  VL  8.  Simp.  IV^  ift 
VI.  17.J 

A 


D     C 

THEOREM  XIII. 

k  A  B  C,  A  D  £  be  similar  triangles,   having  the 

A  conmaon  to  both  ;  then  the  triangle  A  B  C  is  to 

iangle  A  D  E,  as  the  square  of  B  C  to  ^e  square  of 

That  is*,  similar  triangles  are  to  one  anoUier  in  the 

3ate  ratio  of  their  homologous  sides.     fEuc.  VJ.  19. 

IV.  24.     Em.  II.  IS. J 

A 
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THEOlffiM  XIV. 

In  any  triangle  ABC,  douVle  the  square  of  a  line 
C  Jy,  drawn  from  the  vertex  to  ihe  middle  of  the  -base 
A  B,  together  with  double  the  vsquare  of  half  the  Waie 
A  D  or  B  D,  is  equal  to  tlie  sum  of  the  squares  '4>f  die 
other  sides  A  C,  B  C.     fSimp.  JL  U.    Em.  II.  28  J 


A 


THEOREM  TCV. 


In  any  pandlek^fram  A  B  C  D,  the  sum  ^f  the  fquares 
«f  the  two  ^iagomb  A  -C>  B  D,  is  «qual  to  the  ttum  of 
the  squares  of  all  the  four  sides  of  the  poNdldogr^m. 
(Simp.  11.12.    m.IJL9J 


A  B 


THEOREM  XVI. 

AU  similar  figures  ore  m  propoitien  to  each  other  as 
the  Bquaves  of  l^eir  homolo^om  sides.  (Simp.  FV.  86. 
Em.  III.  to.) 

THEOREM  XVII. 

The  circumferences  of  drdes,  «nd  the  arcs  and  chords 
of  similar  s^pnents,  are  in  proportion  to  each  other,  as 
thf  radii  qt  mamet^rs  of  the  circles.    (Em*  IV.  S,  9.  J 


THEOBEM  XVIIL 

Cffcfes  are  to  ach  oAer  as  the  Mniaret  of  tbetr  radii 
«2aKte9,  or  drcum&rences.     ('^m,  IF.  8S.J 

THEOBEM  XIX. 

^Iffpdy^s  described  in  circles,  are  to  each  other. 

uZJ^  i?  ^^""^  ^^7  "*  inscribed;    cr  as  tb^ 
uffwof  the  diameters  of  ^ose  cirdes.    CEm.  IF.  36.J 

THEOBEM  XX. 

AllfflinOar  sdtda  are  to  each  odier  as  the  cubes  of  their 

ttdrnjanons.     CEm.  FL  24.  J 


PJtRT  IV. 
MENSUBATION  OS  SUPEBFICIES, 

APPLIED  VO 

GAUGING. 


PRELIMIKAKY    OBSEBYATIONS. 

["he  Area  of  any  plane  %ure  is  its  superficial  content, 
the  measurement  en  its  surfaee,  without  any  regard  to 
ckness.  This  area  is  computed  from  some  qiaoe  of  a 
^rmined  form ;  namely,  nrom  a  square  whose  side  is 
^  inch,  one  Jboi,  one  yard,  &c.  which  is  thence  called 
■  measuring  unit 

(n  the  subjeot  of  Crauging,  however,  whare  the  mea- 
^  unit  is  not  a  surfiice,  but  a  9oiid,  namely  one  ale 
'Ion,  one  tvine  gallon,  or  one  malt  bushel,  it  is  the  univer* 
custom,  amcmg  Officers  of  the  Excise,  to.oonsider  evoy 
ne  figure  as  a  solid  ci.  one  inch  in  depth  or  thidi- 
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ness ;  for,  by  this  method,  if  we  divide  the  number  which 
expresses  the  area  of  any  plane  figure,  in  square  inches, 
by  the  number  of  cubic  inches  contained  in  the  ale  gcU^ 
Ion,  the  wine  gallon,  and  the  mali  bushel,  we  shall  obtain 
the  area,  or  rather  the  solid  content  of  the  figure,  at  one 
inch  deep,  in  ale  and  wine  gallons,  and  malt  bushels. 

Now,  as  the  design  of  dauging  is  to  determine  the 
number  of  gallons,  bushels,  &c.  contained  in  any  vessel. 
Or  the  number  of  gallons,  bushels,  &c.  that  any  vessel  is 
capable  of  containing,  it  is  evidently  most  agreeable  to 
the  general  practice  of  Gauging,  to  consider  every  plane 
figure  as  the  base  of  some  vessel,  the  sides  of  which  are 
perpendicular  to  the  bottom ;  fbr  having  found  the  area 
of  the  base,  we  have  only  to  multiply  this  aten  by  the 
depth  of  the  liquor  in  the  vessel,  or  by  the  depth  of  the 
vessel,  and  we  shall  obtain  the  solid  content,  or  capacity, 
in  the  same  denomination  in  which  the  area  is  found. 

By  this  method  we  enter  directly  on  the  Practical  Part 
of  Gauging;  and  the  learner  will  perceive  the  real  use  of 
the  Science  even  in  reading  the  first  Problem. 


TABLES 

OP 

ALE,  BEER,  WINE,  SPIRIT,  and  DRY  MEASURE. 


TABLE  I. 
A  Table  of  Ale  and  Beer  Measure,  S6  gallons  to  a  harreL 

2  Pints, p/ make  1  Quart,  qt. 

4  Quarts    1  Gallon,  gn/. 

9  Gallons  1  Firkin,^r. 

2  Firkins,  or  18  Gallons 1  Kilderkin,  kiL 

2  Kilderkins,  or  36  Gallons    1  Barrel,  bar. 

1 J  Barrels,  or  64  Gallons    1  Hogshead,  AM 

2  Barrels,  or  72  Gallons  1  Puncheon,  piin. 

3  Barrels,  2  Hogsheads,  or  108  Gallons  1  Butt,  butt, 
2  Butts,  4  Hogsheads,  or  216  Gallons      1  Tun,  tun. 


ST  17.)  TABI.X8  OV  AJLM,  AVB  IBSK  MXAlirmS.      7S' 

TABLE  IL 

ATahle  ^ ihm  CMc  Inckei  m  a Pmi,  i^mt, 

Galbm,  ^  ^.  86  Cattomt  1o  a  BarrwL 

)ic  Inciies. 

3.5=      2:=      1  Qiisit. 

S2^      8=r     4ir     1  GalloD. 

SS=    72=86=    9s  1  Firkin. 

76=  144=3  72=  18=:  2=  1  KiUerkiii. 

52=  288=^144=  86i=z  4=  2r:l  BitfreL 

28=  482=216=  54=  6=  8=1}=1  Honhnd. 

04=  576=288=  72=  8=  4=2  =1  PandwoiL 

56=z  864=482=108=12=  6S8  =2=1  Butt 

12=1728=864=2l6=24=:12s6  =4s2=:l  Tat. 

TABLE  III. 
^ahle  of  Ale  and  Seer  Measure,  84  GmBoM  to  a  BarreL 

Mnts ^  nuke  1  Quart. 

Quarts 1  Gallon. 

rallona i.  1  Firidn. 

irkins,  or  17  Gallons    1  KildcAin. 

alderkins,  or  34  Gallons  1  BarreL 

krrel,  or  51  Gallons 1  Hogshead. 

larrels,  or  68  Gallons     ...••  1  PundieoD 

barrels,  2  Hogsheads,  or  102  GaUons     1  Butt. 
(utts,  4  Hoguieads,  or  204  gaDons  •••  1  Tun. 

TABLE  IV. 

A  Tahle  of  the  Cubic  Inchee  m  a  Pmi,  Quart, 

Galtan,  4^.  4c.  3^  Galkme  to  a  BarreL 
ic  Indies^ 
>523       1  Pint 
.5=       2=:     1  Quart. 
$2=      8=1    4s=    1  GaQoa 
)7=:     6B^  84=     8}=  1  Firidn. 
^=  186==  68=  17  =  2=  1  KildcrimL 
S8=  272 rz  186=  84  =:  4s  2=1  BarreL 
B2=  408=2043=  51  a  6=  8=l}sl  Hogshead. 
76=  544=272=  68  =  8«  4=2  =1  Pondieon. 
64=  8l6;=408sl02  =12=:  6s$  ^1  Butt. 
28=l682s=:8l6s204  =24sl2ss6  =2=1  Tun. 

H 


J  Table  rfAU  tufijBetr  Mea^e,  3^  GatU^  ta/t  Sam 

2  Pints make  1  QiMfai 

4  Quarts  ..• .«..  li  QalJkio* 

8  Gallons    mnttft*  ^  Firkici^ 

5  Firkins,  or  16  Gallons    «,f^,f  «.4 »•  1  l^lderkin*, 

^  Kilderkins,  or  32  G^l^^ ^f  1  Bfrr^^ 

1^  Barrel,  or  ^aGaUcmiS:...... ..^  1  HiDgsbeMd* 

2  Barrels,  or  64  Gallons    ^.^..^^^^^ m  1  Fwgtchcon^ 

3  Barrels,  2  Ho^hcnd^  or  96  Gfdilons  1.  Bott. 
2    Butt3|i4;Hpg|^bead8^  or  199  GaUona  ...  1  T|ii9u 

TABLE  VL 

i^  Tai/tf  of  the  Cubic  IncJUt  tte  a  Pint,  QfUMrt, 
Gum^  ,*c.  4««  5*  GtiUwuiJo  a  Ba^^L 
Cubic  Inches.. 
35.25=       iPint 
70.5  =t      2=;    1  Quart. 
282=2      8='    4.^     1  Gallon. 
2256=     04^  S«=r     8=  1  Firkin. 
4512=:  123=^  64=  1«=  ^=1  Kilderkin. 
9024=  356rri28=  S2!=i  4==  2=1  Bai^el. 
13536-=  384=:192i=.48=.6=  3=1J=I  Hogshead, 
18048=  51^=256=  64=  ^=:  4=2  =1  Puncheon. 
27072=  763=384=  96r-12=  6=3  =1  Butt 
54144=1536=768  =:19»=«4«12=6  =2=1  Tun. 


By  Chap,  f^  Sao^  M,  and  Chap.  24^  See.  34,  of  i 
Statute  made  in  the  12th  year  of  the  rei^  of-  CSiorles 
II. ;  idso  by  Chap.  24,  Sec.  5,  of  another  Statute  made 
in  the  Ist  year  of  the  reign  otf-  William  and  Maiyj 
"  Every  six  and  thirty  gaUona  of  beer  taken  by  the  gauge, 
according  to  the  standard  ale  qtuirt  kept  in  the  exchequer, 
four  whereof  iheHl  makd  the  gaBon>  sluul  be  returned  by  t?ie 
Gauger,  within  the  limits  of  the  biBs-of  moitality,  for  a  bar- 
rel of  beer ;  and  e?«ry  two  dnd  thirty  gallons  «f  ale,  taken 
by  the  gance,  BCCotdui|r  to  the  same  standard^  shafl^  be  re- 
turned by  SieiQauger,  witiuti  the  md  Hmit8>  lor  a  barre] 
of  aki" 


»astit;)  tabsbb  «r' jojb  3am  whul  MXABums.  ^ 


By  Chap.  24,  Sec.  ^  tf  te4art  named  Statute,  "  Eveiy 
urand^irtfipaDfliiaef  beer.or«le^  labelfaer  atrong  or 
^\l,  brewed  oat  of  fbe  said  Emits,  taken  by  the  Gauger^ 
cordgy  4p  ike  i&it^&^ueiiUoued  irtandaid,  'smH  "be  ilPtani» 
I  br  hmi^^«  barrel  of -beer  tir  de.** 
ByCaiapJ^Sa,  Sec  M^  of  another  Stitnte  ntede  in  ihe 
rd ycttroF'the're^of  George  HI.,  ** £veiT  thhiy-vx 
Iknn  <if  %ecr  olr  ale-biewed  by  the  common  Tiiencis  ih 
!'6fit  -Bfiiaui,  whetiRr "widun  or  irilhoat'the've^Uy  buis 
Diortu5ty,^tAk^n*aooordiiig'tD  the  stiAncnra  wHhe  ne 
^trt,  nor  Wwveoff  *ahall*miaLe  ^be  gallon,  ^l^mawung  m 
e  exchequer,  shall  Hbe  iretaned  by  the  Gauger,  for  a 
n-el  of  beer  or  aHe.^ 

By  ^9i^  14,  'nf  itte  ^asme  Statate,  ''^b  'bMr  or  ale 
ewed  by  ^bt  nddRfUBion  Brewta  ^"Graft  Britain,  shall 
sold  by  tfaem  at  any  other  rate  or  qusntitf  fbr«tiie 
rrel  dum  thirty-six  gallons;  and  -ihat  nothing-hlUlilii 
ill  extend  to  alter  the  miaiMi^^o-  be  lelbmed  «b  ibd 
a  barrdl  of  beer  or-Aswewed %y  any'^ffctuaHerwtlr  re- 
ler,  or  any  pera^'tfitar  Ihin^the  emnnkin  <bre^  l^ltait 


same  ahalT  iiiilMrtfcAs  faeUl^  ^'l  W.^taid  H.^ftuji. 
Sec  5«* 


yote  1.  HcK  J^fvi^  bt^obMnrcd*  Hitt  the  m^adud  alt  qiNSiW  <Mpt 
he  CTffipqqer,  oootains  70)  culac  inctai  aiid  conspynntly  tibe  ale 
ion  IS  282  tfUbie  ftidies. 


?.  By  thk  meoaoie,  Ak,  BMr»  And  5Pttrter  aic  miMuiil ;  and  the 

aputatiaiM  in  g^ngmg  (bese  4i<{U«9»  J»e  josde  Jy  it^  ia  oniir  to 
jgetbe^ntyJif'fixdSe.  .i         ' 

3.  It  jBay'iiot  hie  Improper  to  o60erve,',tliatlf  the-  vm  of  any  JSgure 
ioutid'xn  sqwn^  foth^'by'XbeMUmlng  TnAAemM^ixUi  aivld^  by 

cubic  InlOlte^B  ^  J^fatt,  «  ^WiH,  %  "giSieii,  'a  fiAun,  \fce.'ftc,  'the 
pectivri|acaieaii^v»krthe>aa»tar(«ie1i)BlMiBJitoti^  ijium,  gal 

4.  The  eonlent  of  any  ▼cai^jBii^i*  ftttseia'ftfniit  fuarta*  ^grilol% 
.  &c  ty4Wdiiig4lie  «aM«t  |a  ohIw jInakM  hy  the  laapaettve  4ivi. 
^.    (£^  ti^, foregoing umdfilkiwillfTQb^ 

H« 
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TABLE  VIL      ' 

-<l  Ta^fe  cf  Wxh^  and  Spirii  Measure.    . 

2  Pint9 ••••• • maj^e  1  Quart,  9^ 

4  Quarts • ^..«. i  GaOon,  gal* 

31^GalloD8    «• I  Barrel,  bar. 

.42  Gallons    vrv.«v  ^  Tieroe,  <ier«  , 

65  Gallons    ^••••..w J.««.m.  1  Hogphiwd,  UktL 

84  Gallons    *.•«•«•  1  Puncheon,,iwMk 

2  Hogsheads,  or  126  Gallons  .••••••  1  Pipeorbutt^|Mfpe. 

2  Pipes,  or  252  Gallons »..•  1  Tun,  turn. 

TABLE  VIIL 

A  Table  of  the  Cubic  Inches  in,  a,  Pint,  Quart, 

Gallon,  Sfc.  ^.  Wine  Measfire.    .  .      ... 

.  Cubic  Inches.  r 

28.875=:      I  Pint  .' 

57,750=      2=5      iQMMft. 

231^.      8z:     ;  4;s=     l/Cralkm*-  >  r  > 
7276.55=  252=  126:=  8lJs?lsBwri!d*  .    . 
9702=s  886s:  168s  42  «;1  Tierce, 
14558=  504=  252=z  6S  =1^=1  Hogshead,         -  .. 
19404=  672s  SS6^  84  =2  =:1}=1  Puncheon. 
S91063s!l008±r  504:1:126  ^8  r:^  =1|=:1  ftpe. 
58212=2016=1008=252  =6  =4  =8  =2=1  Tun- 

REMARKS. 

By  Chap.  27,  Sec.  17,  of  a  Statute  made  in  the  5th  year 
of  the  reign^  of  Queen  Anne,  it  is  enacted  that,  ^  Any 
round  vessel,  (commonly  called  a  cylinder)  having  an 
even  bottom,  and  being  s^yen  inches  in  diameter  through* 
out,  and  six  inches  deep  from  tiie  topof  the  inside  te  the 
bottom,  or  any  vessel  containing  281  cubic -inches,  shall 
be  deemed  a  lawful  wine  gaUon.'^ 

-  By  the  same  Statute  it  is*  also  enacts,  ''that  68  such 
tfaUons,  each  consisting  of  281  cubic  inches,  shaU  be 
deemed  a  hogshead;  126  sudi  gallons  a  butt  or  pipe; 
and  252  such  gallcms  a  tun  of  wine." 

NaU  1.  By  thli  measure  all  sorts  of  wines,  spirits,  distilled  watcfs, 
cyder,  perry,  mead,  verjuoe,  and  vinegar,  are  measured ;  and  Rzciae 
OiBcen  make  their  computations  by  it,  in  gauging  these  liquors,  in 
Older  to  chaige  the  duty. 

t.  An  anker  is  10,  and  a  rundlet  18  gallons. 


TABLE  IX. 

>l  TaU?  ^  Com  0^  Dry  Measure. 

Pinto mriie  l  Qnaat,  qt. 

Quarts 1  Gallon,  goiL 

Pecks  *^««— ..•«^...»*«.«-  1  Bmhety  ^- 

Sudids    1  Quarter,  ^r. 

Quarters,  or  40  Bnihds  / 1  Way,  wey. 

>V«ys,  or  10  QoaBrtsEs    1  Last,  kuL 

TABLE  X 

A  TiMe  ^  the  Cwbic  Inches  im  a  PkU,  Chtart, 
GaOtm^  Sfc.  ^^  Dry  Measure. 
bic  Inches. 
SSS^      1  (Not 

67.2=       8cs      1  (Qasfft. 
268.8  s       8:=      4=     1  Gallon. 
.537.6=s     16=      8=s    2k    4<»adu 

50.4S=     64:=     82sr     «s     4«:  4  Boflhel. 
03.56:=  512c&  B96c:  64s  32^  «^  1  Quarter. 
^I6.8rr2560s2l960=r«2^«l6(^=^403r  5s:i  Wey. 
O33.6s=512Oz:«56O»9lOsf«M>s:^lO^10s«s]  Last. 

RkVARK^ 

iy  Cliaii.2,.Sec,  7>Qf  aStatute^nadeinthelSth  j^ear 
:he  rei^  of  Qoaen  Aqb^  anci  hj  Chap.  $^  -Sec  4,  ^ 
ther  ^Ufcute  xaad^  in  tl]^  50th  3nMr  of  the  re^f^  of 
)rge  UU  it  is  apaoted  that,  '<  Malt  shall  be  ohwitBd 
the  WinififHtar  bushel  j  and  every  JNM&nd  .vessd  ifilh 
sven  bottom,  being  made  eighteen  inches  and  a  half  in 
neter  throoffhout,  and  eis^ht  inches  deep,  shall  be 
med  41  legal  Winchester  buwid." 
Ij  Chap.  2,  Sec  17,  <if  •the  12th  of  Anne,  it  is  enacted 
t,  "  The  Officers  of  the  Excise  shall  take^  account  of 
in  milking  into  malt,  by  gaiiff e  only,  and  not  by  ac« 
lly  measuring  it  with  a  bushel," 

/ote  1.  «  wt^iAaUtdPe  «ie  conunt  dT  ti  cylindriotf  wMd  whow 
neter  is  IM,  ani  flq^i  B  lactes,  tar  ftolk4,  fmt  V^  weabsU 

Ha 


• 
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find  it  to  be  2150.4252»  the  number  of  cubic  inches  in  a  Winch4 
bushel. 

2.  It  has  been  ascertained  by  experiments,  that  after  the  saccha 
substance  has  been  extracted  from  malt,  by  the  operation  tif  nuuh\ 
its  bulk  is  diminished  a  little  more  than  one-sixth  part  of  the  wh^ 
in  consequence  of  which  the  mash-tun  gallon  is  always  taken  at  \ 
cubic  indies.  I 

'    TABLE  XI,    ... 
Avoirdupois  We^kt. 

16  Drams make  1  Ounce  <    T' 

1^  oar, 

1 6  Ounces a  1  Pounds  lb, 

28  Pounds 1  Quarter,  qr, 

4  Quarters,  or  112  lb,  '.•,... '  1  Hundred  Weight,  crvi 

SO  Hundred  Weight   1  Ton,  ion, 

TAbLE  XII. 

...     J 

A  Table  of  Drams  in  an  Ounce,  a  Pitftfuad,  a  Quarier, 
4v«  4v.   Avoirdupoi$  Weigk^, 
Dnuns. 

16=:        1  Ounce. 
956z::      l6=s      1  Pound. 
7168=     448=:    28=:  1  Quarter.. 
28672=  1792=  112=  4=  1  Hund  Wt. 
573440=85840«2240 = 80=20a;c  I  Ton. 

RKIIARK4 

By  various  Statutes  made  in  the  reign  of  George  Iir.j 
it  is  enacted  that,  *'  Officers  of  the  Excise  and  Customs 
shall  take  the  weight  of  candles,  coffee,  tea,  cocoa-nutsj 
diooolate,  glass,  hides,  hops,  paper,  salt,  soap,  starch, 
atone-bottles,  tobacco,  and  snufi,  by  Ayohrdupois  Wefghtj 
in  order  to  charge  the  respective  duties  upon  these  ar- 
tides." 


THX  MCTHOO  OF  FIKDINO  TRB 

mULTIPUERS,  PIVISORS,  AND  GAUGE-POINTS  COXTA I N- 
ED  IN  THE  SUBSEQUENT  TABLE. 

If  the  aarm  of  any  vessd,  in  square  iBche^  be  divided 
by  the  aqpuoe-diviaon  282, 231, 227«  96SS,  and  2150.42, 
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xrtive  quotiaits  will  be  ibm  arts  of  the  rtmd  m 
□s^  wine  gallon^  maah-tun  gaikiai^  nwk  jalhm^ 
it  bushels ;  but  aa  dividitig  by  thaae  nmabaa  U 

lat  if  these  fractions  be  reduced  to  dedmalf,  we 

Lain  muhipliera  that  will  aaaawer  the  aaaie  porpoae 

ivlsorgy  if  we  prefer  moltiplicacioD^  in  w>AiMy  om. 

cwis, 

1,  it  has  been  founds  by  Matbematiciana,  that  if 

meter  of  a  circle  be  1^  the  wnm  will  be  .7854, 

and  that  the  area  of  any  circle  may  be  i4rtained 
liplying  the  square  of  the  diameter  by  thia  Jium- 
iit  as  the  area  thus  fimnd,  must  be  divided  by  the 
divisors,  to  reduce  it  to  ale  gallons^  wine  rallons, 
becomes  desirable  to  find  nmnbcrs  diat  will  per* 
e  work  at  one  operation. 

,  as  muldpfying  the  square  of  die  diameter  by 
and  then  dividing  the  product  by  the  aquare-divi. 

the  same  thing  as  multq>ly]ng  the  square  of  the 

,     *7854  .7854  .7854  .        .   .       ^_  ^      .^ 

^'^^y-isi'^^iT'^iT^'^'  It-evident  that  if 

fractions  be  reduced  to  decimals,  we  shall  obtain 

'  multipliers  to  be  used  in.  finding  the  arcw  of 

Ne  prefisr  division,  it  is  the  same  thing  to  divide  by 

231       ^  ^  1^  1     u-  -7854  .7854   . 

— -— 7,  &c  as  to  multiply  by  -— ;—, ,  &e. : 

.7854*  ^^     ^    28a  '   231  *         ' 

,  if  those  fractions  be  reduced  to  mixed  numbers, 

all  have  proper  divisors  fiar  didles. 

the  £ame  manner  we  can  find  mnltipliers  and  divi- 

9r  ascertaining  the  weights  of  bodies  from  their  eon* 

and  vice  vend,  provided  the  specific  gravities  of  the 

s  be  known.     Thus^  the  solid  content  of  a  jpound 

id  soap  cold,  is  found  to  be  27*14  cubic  inches;  a 

d  of  bard  soap  hot,  28.0;  a  pound  of  green  soap, 

\  &C.  &c.;  hence,  if  the  area  of  any  vessel,  m 

re  inches^  be  divided  by  these  numbers,  the  reqpeo- 

quotients  wiD  be  the  area  of  the  vessel  in  poonda; 

if  the  area  in  pounds,  be  multiplied  by  the  depth  of 

vessel  in  laches^  the  product  wul  be  the  content  of  the 


Teiwd  m  ftnindl.    Or,  if  tl»e  %«^^  ><ir  artjr 
^Unfi^  iii'pouiviis,  be  multipUei  ly  ^the^Ctfltie  liHSies 
pound,  itfae tpMMdiKt  w^ 'be ^the «oii(enit «t  culnclinfli 
The  multipllerd  for  ftquaies^  in  order  to  find  Jtheir 

in  pounds,  are  found  Igr  «duckig  ^-,  ;^  ^-^ 

to  -dsdnMle ,-   Ihe  tnuidpltiers   for  cirded,  b^  vfe«}tH 

,  -:rjrrr,  jrr^^  ^«  to  decunius ;  and  the  mrnavm 

27.14    28.0'  25.6t  * 

.  ^      -  ,     .      27.14    28.0    25.67     ^      ^  . 

The  4^aB»points  ,fi>r  squares  are  the  sqvare  rooti 
the  square-oi visors ;  h^g  the  sides  of  aquanss  nnyh 
areas  are  one  iQ^^gaUoi^  one  wine  galloq,  one  malt  l»usi 
~&c. ;  and  the  gause-points  for  ^deii,  ase  rthe  ^squ 
roots  of  the  ^rcuuu^^idsQrs ;  bei^g  the  diametievs 
circles  whose  .areas  are  ^nal  to  one  afe  galloa^  tone  ^ 
.gallony  one  jxialt  ibushel^,  &it.  ^c. 

Note.  What  has  been  said  onttbis^faJBet  will  'be  fUUy  /eomprehei 
ed  f 7001  (he  tfolldwiiig  Hiflca «ncl  JSzamptab 


To  Jind  MubipUm's  far  Squares^ 

RULE. 

Divide  unity  by  the  Ufsasre  divlsovs,  «ndtheirMpectii 
quotients  wiU  fbeikolofs  for  Bquaves, 

KXlklfPUCS, 

t)ivisoiafor  MultipUers  ibr 

»    *     ^iiafes.  .  Squares,, 

282)1 .00000O(.0OS546  Ale  gallcwis. 
231)1. OOOOOOf. 004329  Wine  gallons, 
208;»)1.000000(.003720  Malt  ^onfc, 
22771  i0OOOOO(.{)OO465  Malt  bushels. 
2iao.4«)l.(K)OOOO(.OO4405  Magh-tun  gallons. 

« 
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To  Jmd  MukipHers  far  Ctrdet. 
RULE. 


Divide  .7854  bj  the  •anare-divuorfl,  and  the  jreqpective 
quotients  will  be  factors  for  circles. 

KZAMPLEB. 

Divison  for        MoltlpUen  for 
Squsm.  Civclefl. 

282).7g54(.002785  Ale  gallons, 
^8\  ).7854(.O033!99  Wine  gallons. 
268.8).7854(.00S922  Malt  gallons. 
927).7854(.000365  Malt  bashds. 
2150.42).7854(.00346    Mash-tun  gallona. 


To  fnd  DUUort  for  Circles. 

•        RULlS. 

•  ■  *    #        . 

Divide  the  square-divisors  bj  .7854^  and  the  respective 
quotients  will  be  divisors  for  circles. 

SXAMPIJSS. 

Aiea  of  a  Circle       Divisors         Divison 
whoseDiflftneteriBl.  for  Squares,   for  Circlea»  • 

•.7854>  882.0000(  359-05  Ale  gallons. 
.7854)  gSLOOOOr  294.12  Wine  gallons.  ' 
.7854)  268.8000(  542.24  Malt  ^lotis. 
.7854)2150.4200(2788.00  Malt  bushels. 
.7854)  227.00<)0(  289»00  Ma8h4»i»  gaUi 


8K  WULCTlCASs'GMXffaHf^  ^lPA.flT 


To^nd  Gmvge^foiaifjbr  Sguures, 

RULE. 

Extract  the  square  roots  of  the  square-diviaors, 
yott  ^wdll  tilrtain  file  gat^e^p^iafis'for  squares. 

EXAMPLES. 

Divisors  for  Gaoge-poiDts 

Squares.        **  for  SqiUKfl. 

28£.00 1  f  1^.79  Ale  gaSkm. 


15^9  Wine  gaSUma. 
1&89  Mdt  piSkana. 
i&87  Mak4miliel8. 
227.00  J.  (^  15107  Maab-tun  gallona. 


To  Jmd  Qauge-foikiU  for  Cir€k9. 

Extract  the  square  roots  of  the  drcolar  divisors^  ai 
you  will  obtain  the  gaug^^ints  for  circles. 

WAMPLBS, 

Divisors  ftnr  6auge-pointsii 

Circles.  fei)r  Circles. 


559.051 

29i-12 
342:24 
27S8. 
289. 


f  18,95  Al^gaUons, 


^  17.     •MMh-'tun^gallcms, 

In  tke  JamenaiiDer  weneAund  ikU  ibe  Fm^ts,  Hm 
sorsj  and  Gauge-points  in  the  following  Table, 


or  mm: 


VACTOSS.      9 


of  Factors,  Dmian^  mi^  Gtrnge-pomU,  Jtr 


e 
I 


^^•o«o 


SSsS^S 


s 


o«*^ 


'     oS 

I 


CO 


« 


8S 


^         •• 


-2 


l$l^§i|3lf»SS§f|s^ 


3 
W3 


„  JgillifisselsSsi 


*   I   I 


t   I 


I    I 


a     * 


•     •     • 


!•-*■• 


V 


Ifilllii 


MM 

s 


la 


SeIi 


»    *     I  I    ■<        ■      nr"'    I''  ■  I 


The  use  of  the  MuTtfplten,  Dfvifon*  and  Gauge-points*  it 

he  folknriDf  FvoUeias* 

he  figures,  in  the  ioitfth  oqIuibo,  of.  th^  .abpva.Ta]^  aff$ 

es,  except  those  in  the   first  and  second  Vmi»%  which  an. 

he& 
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:^RQBLEMS 

IN 

PRAGTICAi-  GAUGING. 


PROBLEM  I. 

The  fide  ^  A  square  being  given,  io^nd  the  area  in  aU 
gallons,  wine  gallons,  Tnash^tun  gallons,  and  mak  bushels. 

ftULE. 

JBy  ihe  Pen. 

Multiply  the  length  of  on^  of  the  sides  by  itself,  and 
the  product  will  be  the  area  in  square  inches;  which 
being  multiplied  by  .003546,  .004329,  .004405,  and 
.000465 ;  or  divided  by  282,231,  221,  and  £150.42,  the 
respective  products  or  quotients  will  be  the  area  of  the 
square  in  ale  gallons,  wine  gallons,  mash-tun  gaUona,  and 
malt  bushels. 

N(M  1.  Excise  Officers  take  their  dimensions  with  measuring-ti^jcs, 
divided  intd  inches,  'or  with  gauging-rods,  divided  into  inches  and 
tenths. 

2.  If  the  area  of  the  base  of  any  vessel  whose  sides  are  perpendicu- 
lar, be  multiplied  by  the  depth  of  the  vtesel,  or  by  the  depth  of  the 
liquor  in  the  vessel,  the  product  will  be  the  scdid  content,  or  capacity, 
in  the  same  denomination  in  which  the  area  is  found. 

3.  When  the  words  wqmre  gmle'tun^  reetangidar  eookr^  Ac  Ac 
decur  in  this  or  the  foUowing  Problems,  it  is  to  be  understood  that 
the  bases  of  those  Vessels  are  squarn*  rectangles,  &c.  &c. ;  and  it 
must  always  be  remembered,  that  when  we  assign  depths  or  thick- 
nesses to  squares  or  rectangles,  they  become  pritmt,  paraUelcpipeiom*^ 
dec.  dec.    (See  Definitions  Part  V.) 

EXAMPLCS. 

1,  If  the  side  of  the  square  A  B  C  D  measure  105  in« 
dies;  ^hat  is  the  area  in  ale^  wine,  and  mash-tun  gallons, 
and  malt  bushels  f 


IT.) 


It 

105 


IPS 

11085 
MM46 

66150 
44100 
55125 
33075 

39.094650 


11025 
XN>4329 


22050 
SS075 
44100 

47.727225 


Sqtartmdteti 

11025 
.004405 

55125 
44100 
44100 

48.565125 


86  .BftA0Ti«4i&  ^Anoxm^       (fabt  j 

Square  kiches, 
11025  ar£a. 
,000465  muUipUer. 

55125 
66150 
44.100 

5.12662^  fnalt  bushds. 


By  Dimsiofu 

Sq*  inches* 
Square  divisar  282)11025(8^99^7  ak  gallons. 

o40 

2565 
25S8 

2700 
2538 


1620 
1410 

2100 
1974 

.126 


Sq.  moket. 
Square  divUar  281)1 1025(47.727^  wwe^affltw. 

924 

1785 
^       1617 


1690 
1617 


68a 
462 

1680 
1617  , 

680 
462 

168 


nr.) 


WNftnciBt.  VT 


mt 


908 

1816 

1290 
1155 


1550 

laM 


1880 
1816 

640 

4i* 

186 


j075glO 

srcsoo 

tlS04« 


578581k 
480084 

1484966 

lf90«5S 


1947O8O 
1935378 

11702 


By  the  Sliding  Suk. 
tlULSE  1. 


Jiig  operati0n  the  square  diviscirs  282,  281,  227, 
15a42,  upon  th^  lint  A^  tnust  be  used ;  'and  the 
tion  win  be,  As  the  square  divisor  cm  A,  is  to  the 
1 B ; «6ft^  siitewi  A,  «a4>e^Kiit«ti  & 

12 
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OhB.    On  A.-       OnB. 

<  f  39.10  ale  gaUon^, 
105  ••  105  •    J  47.73  fWWJ  ga/«o»4F. 

(^  5.1s  maU  bushels. 

RULE  IL 

Set  unity  on  C,  to  the  square  ^lu^point  on  D  ;  tli 
against  the  side  of  the  square  on  D,  is  the  area  on  C. 

OnD.    QnC,   OnD.    QnC. 

,10  ak  gaibms. 

IS  ma&  bushels. 

2.  Admit  the  foregcwig  figure  to  represent  the  base 
a  square  guile-tun;  what  quantity. of  ale  does  the  vess 
contain^  when  the  depth  of  the  liquor  is  23.6  inches  ? 

« 

AkgqUfms. 
39.1  area. 
23.6  depth, 

2346 
1173 

782, 

922.76  Ans. 


un  u,  un  u   un  u,    un 

(16.791  C^9.^ 

J  15.19 f  -1  ••105-  }^^' 

(46.37)  C  5.1 


%  the  Sliding  Rule. 

RULE  L 

Multiply  the  area  by  the  depths  and  the  product  wi| 
be  the  content  in  ale  gallons. 

On  A.  OnB.    On  A*      OnB. 
As  I  :  39.1  ::  23.6  :  9^2.76  akgalbm. 

RULE  IL 
Set  the  depth  on  C,  to  the  square  gauge*|y)int  on  D; 


(fait  it.)     J(Eyt«kATI91t  9Sr  BUISBFICIS8.  flB 

tent  on  C 

OnD.    OnC,    On  D.    On  C. 
A  18 19  :  2S.6  ::  105  :  SISIZ.19  ule  giUbnK 

^.TheaUfedf  AMiMlviiieaiiiiet  155»4ijiclM8;  reqoil^ 
€d  tlie  ««•  in  ele  and  wane  gdkm$»  tni  malt  bvahek. 
i^if.  83.445  4iie  gtilh^,  101.86%  mim   gatbm,   mmi 

4.  If  Um  dide  «f  «  aqottfe  ooohr  be  02.8  inehti  |  tew 
many  ale  gallons  does  it  €oiitaiiit  whaH  tbe  dapth  of  titt 
liquor  tt  5.4  inches?  Am.  UtQJ9M  tie golkms. 

&  The  aide  ef  a  afwve  viD6*y«t  is  4M  inchai ;  what 
b  the  eoRtent  in  whm  gaUons^  when  the  depth  of  the 
^nor  18  52.7  inches  ?  Am.  4S5.71 9mm  0aikms^ 

d  The  side  of  a  square  dstem  measures  75  inches ; 
j^e^idred  the  area  and  oontent  fai  nail  bHsbrii^  when  the 
dl^th  of  the  gpnin  ia  16L4  inches; 

Am.  The  turea  is  S.615,  ami  tie  oomtrnk  «U86  aaift 
vvvasw* 

7.  The  aide  ^  a  square  teasel  measTes  84  inches)  fe« 
quired  the  area  and  content  in  ale>  wine,  «id  oiadi»tai^ 
gaUons^  and  malt  bushels;  the  dqpth  being  14  inches. 

Areas,  CotUefUs^ 

25,021....^....^^ .^.550^94  miegaUtms. 

S0.545...., ^7. 6S0  mm  gallons. 

3X.0S3 ^5AG2  nuuh'4un  gallonsi 

3.281 M •••••  45.934  maU  bushels. 

tf  the  sa^ea,  <f  sm  tgute,  in  square  Inches,  be  multi* 
]^ed  by  .006^4^  the  square  factor  lor  a  superficial  fbot,^ 
taken  from  the  second  column  of  the  foregoing  Tabl^^  the. 
product  wffl  be  th^aiea  of  the  figure  in  square  feet;  and 
if  the  area  in  sqi^uure  inches,  h^  divided  by  I44>  the 
square  divisor,  fer  a  superficial  foot,  t^ken  from  the  fourth 
^lumn  of  the  same  Table,  the  quoti^t  wiU  also  be  the 
area  in  square  feet« 

The  area  ^  tlie  tlM  £xam]>le  ill  this  Pl-eUem,  is. 
U0^5,  ^^im^  m^$i  then^  llO^5x.O06944«!7&547^ 
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the  area  in  square  ftet ;  and  11025-rl44=:76.5%,  which 
is  also  the  area  in  square  feet 

AoAiN^.If  the  square  of  the  diameter  of  a  drcle^  or 
the  product  of  the  two  diameters  of  an  ellipse^  be  mul- 
tiplied by  .005454,  the  circular  factor,  for  a  superficial 
foot,  taken  firom  the  third  column  of  the  foregoing 
Table,  the  product  will  be  the  area  of  the  figure  in  square 
feet ;  and  if  the  same  number  be  divided  by  189.34,  the 
circular  divisor,  for  a  superficial  foot,  taken  firom  the 
iifth  column  o£  tiie  same  Table,  the  quotient  will  alao 
be  the  area  of  the  figure  in  square  feet. 

The  square  of  the  diameter  of  the  circle  in  the  first 
Example,  Problem  13,  is  1156;  then,  1156 x. 005454 r= 
6.304824,  the  area  of  the  figure  in  square  feet ;  and  1 156 
-r  189*94^6.305,  which  is  likewise  the  area  in  square 
feet,  as  before. 

It  may  also  be  observed  that,  if  the  area  of  any  figure 
in  square  feet,  be  divided  by  9>  the  number  of  square 
feet  in  a  square  yard,  the  quotient  will  be  the  area  of  the 
figure  in  square  yards.  fFor  the  Methods  of  measuring 
all  kinds  ^€f  SuperfiMs  and  Solids^  see  NesmCs  Practical 
Mensuration.) 

PROBLEM  XL 

Tojind  the  area  of  a  rectangte. 

RULE. 

Bt/i  the  Pen* 

Multiply  the  ength  b^  the  breadth,  and  the  product 
win  be  the  area  in  square  inches ;  which  being  divided  by 
S8S>  231,  227,  and  2150.42,  the  respective  quotients  wiU 
be  tfie  area  in  ale  gallons,  wine  gallons,  mash-tun  gallons, 
and  malt  busheki 

EXAMPLES, 

1.  Required  the  area  of  the  rectangle  A  B  C  D,  in  ale> 
wine^  and  mash-tun  gallons,  and  malt  bushels;  its  lengdi 
A  B>  being  102.5>  and  its  breadth  B  C^  54.4  indiea. 


ilT  rv.)     VEKgUSATIOK  OF  SITPKBTICIKS. 


91 


Incke$. 
XQISt.5  length. 
54,4  brtadik. 

4100 
4100 
51g5 

Dfti^jor  282)5576.00(]9.773  &fe  gallonM. 
28g 

2756 
2538 


2180 
3.974 


2060 
1974 

846 
14 


Sq.  Inchet, 

Divisor  231)5576,00(24.188  iriiw^a/fo//*, 

462  ^ 

956 
924 

320 

231  ^ 

890 
'693 

1970 
1848 

122 
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A3vt  vflCMCv* 

JWvwor  227)5576.00(24.565  mash4un  giMons. 
454 

1036 


1280 
11S5 


1450   * 
1362 

681 
199 


Dm«or, 21 50.42)5576.00(2.592  niali  bushels. 

430084 

1275160 
1075510 


1999500 
1935378 


641220 
430084 

211136 


B^  the  Sliding  ^le.  \ 

As  the  square  divisor  on  A«  is  to  the  iength  on  B ;  si 
is  the  breadth  on  A,  to  the  area  on  B. 

On  A.      OnB.    On  A.     On  B.  j 

(282        )  C  19.11  ak  gaUans.  \ 

Jl»J^^^  .      (.•  inp  u  ••  K±±  .  J24.14  Toine gallons.        \ 
As  ^  2g^         >.  102.5  . .  54.4  .  ^  g^^g  mash^un  gaUofis. 

(2150.42)  (  2.59  maU  bushds.        | 

2.  If  the  foregvung  figure  represenUthe  base  of  a  rec^ 
tangular  vessel ;  what  is  its  content  in  ale  and  wine  gain 
Ions,  and  malt  bushels,  when  its  depth  is  5.2  inches  ?         i 

Here  19.77x5.2=102.804  ak  gallons;  24.14x5.2= 
1 '25.528  fvine  gallTf^;  and  f^.59x  5^=13^468  mo/^  bmhels. 


T  17.)    MZVSirmATIOil  OF  su?EBnc»ft.  9S 


By  ike  SUding  Suk. 

oQeanAyisto  theaxeaonB;  ao  is  the  depth  oo  A, 

ooDtentaaB. 

^A.    OnB.        On  A.     OnB. 

(19.77)  C  IGStM  ide  gattoHs. 

i  1 :  y  24.14  >  : ;  ^Ji  :  <{  125.5a  wme  galltmi. 

I  2.59  3  ( 13.47  mall  imsheli. 

i  the  leng^th  of  a  rectangular  cooler  be  I6S.7>  and 
adth  86.S  indies ;  how  many  gallons  of  ale  does  it 
ii  when  the  depth  of  the  liquor  is  6.8  inches  ?  ^ 

Am.  338.572  gaOons. 
f  the  sides  of  a  rectangular  wine-vat  measure  7^.6 
•7  inches ;  required  the  area  and  content,  in  wine 
!;  supposiiig  the  depth  of  the  liquor  to  be  24.7  in« 

Th  area  it  21^17«  asid  the  contend  524*0599  wine 

L  l^ewer  has  a  rectanffular  mash-tun  which  mea- 
^  inches  in  lengthy  and  52  in  breadth ;  how  many 
3  of  nudt  had  been  brewed,  when  the  Excise  Om- 
md  the  depth  of  the  grains  to  be  32  inches ;  ad-« 
I  that  each  gallon  of  malt  uniformly  produces  one 
of  grains  ?    (See  Note  2,  Page  78.) 

Ans.  58.C4  bushels^ 

L  maltster  has  a  rectangular  cistern  whose  length  is 

inches,  and  breadth  98*2 ;  required  the  area  and 

t,  in  malt  bushels,  when  the  depth  is  14.8  inches. 

The  area  is  5.685,  and  the  catdent  84.138   mah 

i  floor  of  malt  measures  245  inches  in  length,  1 52 
idth,  and  5.9  in  depth  ;  reqiiired  the  area  and  con« 
nudt  bushels. 
The  area  is  17*317j  atu2  the  content  102.1703  maii 
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PROBLEM  Ul. 
To  JM  the  area  ^  a  rhombus  or  rhomboides. 

RULE. 

iBy  the  Pefn. 

MMkiply  tlw  leagOi  df  the  iMoe  bv  tbe  ]9e!})endicu] 
breadtih>  mmI  tiie  fooduet  will  be  line  aHfea  in  square  i 
inches;  which  being  divided  by  282«  281,  227i  « 
ifl50A29  the  re^wcdve  ({uotieatg  will  be  the  area  in  aj 
wine^  an^  niash«tiiii  gaUon^  ^ad  malt  buahek. 

1.  Let  ABCD  be  a  tfaomfous, ^hose  base  ABi$^ 
indies^  and  Jietb^dicalar  b&  40  ihches;  what  is  tl 
evea  in  ^  wtne^  and  mash-tun  ga&ons^  and  ma 
bi^shels  ? 


Inches. 

50    base, 
40  per.  breadth. 

DI»koir  S8£)£000(7.092  tde  gallons. 
1974 

2600 

620 

564 

56 


1717.)   icExwaATiOK  or  •nuncixs.  99 

IS48 

1520 
13M 


1S40 
1155 


1850 

1848 


Dioimr  227)SPOO(8J10  ma9h4im  §tik»i. 
1816 

1840 
1816 


940 

g27 
180 


wisor  2^5a4«)9000.000(^SOQ  y^  iuthdt. 

lfl[85873 

646SiO 
6ft5126 


109400 


Bg  ik^  SlUiiig  ItiOt. 


le  sature  divisor  on  A,m,  fp  the  base  on  B ;  so  is 
penoicular  breMlth  on  A,  to  the  area  on  B. 

OnA.   OnB.0nA-0nB- 
282     J  C709  alfigaflons. 

251      t  .  in  ♦.  iA  •  J^'66  mnegattms. 
m      f  •  •^•'  **•  18.81  tnash4un gaUons. 
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2.  Let  tihe  foregoing  ii^rure  denote  the  base  of  a  ▼< 
whose  sides  are  perpendicular;  required  the  contenj 
ale^  wine>  mash-tun  gallons^  and*  malt  bushels,  at  17 
ches  from  the  bottom  ? 

Here  7.092x17=120.564  ak  gallons;  8.658x1 
147.186  tvine  gallons;  8.81x17=149.77  mash^tun  ^ 
Ions;  and  .93  x  17=15.81  malt  bushels. 

By  the  SUding  Rule, 

As  one  on  A,  is  to  the  area  on  B ;  so  is  the  depth 
Aj  to  the  content  on  B. 

On  A.    On  B.  On  A.        On  B. 
\          C^-^)  {U0.56  ale  gallons. 

ii.i  .  JS-^C  ••  17  •    J^^l'^9nfinegalU3fU. 

.     -^'*-  ')8.8ir  ••  ^'  •    \li^.ll  mash-tun  gaUons. 
'    (o.9S3  (^  15.%\  malt  busheU. 

3.  There  is  a  cooler  in  the  fbrm  of  a  rhomboid,  wh 
base  is  73.6,  and  perpendicular  breadth  56.^  inch< 
required  the  area  and  content,  in  ale  gallons ;  the  depth 
the  liquor  being  2.7  inches  ? 

Ans.  The  area  is  14.667>  and  the  content  S9*6009 
gallons, 

4.  Required  the  area  and  content  of  a  rhomboif 
vessel^  in  iJe  gallons,  the  length  of  the  base  being  10{ 
inches,  the  perpendicular  breadth  70.6,  and  the  depdi 
the  liquor  eight-tenths  o£  an  inch. 

Ans.  The  area  is  27-138,  and  the  content  21*7104  i 
gallons* 

PROBLEM  IV. 

Tojindthe  area  of  a  triangle,  fvhen  the  base  and  perpt 

dicttla'r  are  gioen* 

RULE. 

By  the  Pen. 

Multiply  the  base  by  the  (perpendicular,  and  half  th 
the  piMuct-  will  be  tne  area  in  square  inches ;  whicl 
bein^  divided  by  282,  231,  and  2150.42,  ^e  respectivt 
quotients  v^ill  be  the  area  in  ale  and  wine  gallons,  ani 
wnni^-bnahftlffi 


(met  iy.)    msvsvsatiok  or  simBFiciu.  97 

yctcUttm  btw  be  mnhipUed  ^  baU  tht  paparficiitert  or  the 
perpoidkular  tgr  half  the  beee^  the  imdiicti^  be  the  mm  hi  tqiMM 

iocheL  ^ 

BZAIIPLBS^ 

1.  Requiied  the  are*  of  the  triangle  ABC,  in  ale  and 
tme  gallons,  and  malt  buahds;  the  base  AB,  being 
21&8,and  tl^  perpendicular  D  C,  9^6  inches. 


Note,  t^  perpendicular  C  D,  li  the  ibortest  dietsnoe  from  the 
i^e  C,  to  the  base  AB  ;  and  may  be  foniid  by  one  pefaon  hokUng 

tte  end  of  the  meesuriog-tape  at  C,  while  another,  by  triali,  dctermiDcs 

the  point  D. 

Inchu* 

94t.6  perpendicular^ 

13008 
S672 
19512 

2)20509.28 

iDkisar  282)10254.6X36.363  Mkgalbms. 

846 

1794 
1692 

1026 
846 

1W4 
1692 

1120 
846 


Sq.  inchet. 

924 

1014 
924 

"■■90S 
6$3 

21^ 

2079. 

$50 
462 

88 


Siq,  inches. 
DiVi^  2150.42)10254.64(4.768  Mofi  ittfiM^. 

860168 

1652960 
1505294 


147666D 
t290252 

1864080 
I72O856 

143744 


By  ike  SUJXng  Rnk. 

As  the  square  divismr  on  A,  is  to  the  base  <ni  B ;  so  i 
half  the  perpendicular  on  A^  to  the  area  on  B. 

Chi  A.       On  B.   On  A.     OnB. 
r  282      )  ( 86.86  afe^o&Nf. 

Ati  251       >  :21&8:;  47*5  :<  44.59  iMiie^a/&0U. 
(2150.42)  I  4J77maUbusheU. 

2.  If  the  foregoing  figure  represent  the  base  of  I 
triangular  vessel;  how  man^  ale  gallons,  wlnegalloni 
and  nudt  bushela  will  it  oontam^  if  its  depth  be  21.6  in^ 
dies?  I 


By  the  SUdimg  BmU. 

sooeonA^istotheaveaonB;  ao  it  the  dcpdi  on  A, 
eonQtentaaB. 

nA«    Qn&       OnA.      QnB. 

r  36.36  )  I'  785.44  ak  gaOoms. 

1  :  -{  44.39  >::<!•<?  ;  ^  953.87  mnegtUom. 

\  4.77i  ( iggjg matt fari^rik 

The  base  of  a  tri«Bg«kr  cooler  meMiiNi  194^  «nd 
perpendicahr  94.7  indies;  iwuinsd  the  wttm  end 
!Dt  in  ale  gaIlon8«  when  the  ocpilh  ef  die  Uqaerri 


r.   Tfte  ami  «f  20,82^  und  the  amUMi  85.362  ale 

A  inahster  has  a  triangular  ciMefB  the  haee  of  which 
ires  1^.7^  and  the  perpendicDlar  86.8  inches ;  re- 
J  its  area  and  content,  in  malt  bushels^  when  the^ 
(n  the  finun  la  49.3  mcnes^ 
p.  Tifte  area  is  2.758,  and  /Ae  caOeni  116.6634  mak 

PROBLEM  V. 

find  the  area  of  a  triangle  whea  the  three  sides 

are  given* 

RULE. 

Vy  the  Pen. 

[11  half  the  sum  of  the.  three  sides  subtract  each 
iverally ;  multiply  the  half  sum  and  the  three  re* 
era  continually  together;  md  the  square  root  of 
ast  product  will  be  the  area  in  square  inches, 
e  this  area  by  282,  231,  and  2150.42,  and  vou  will 
I  the  area  in  ale  and^wine  gallons,  and  malt  buihels. 

^Vhat is  the  area  Af  the  triangle  ABC,  in  ale  and 

K2 


100  PBACTICAL  eA«( 

vitMgallMU,  and  nultbiuhbb;  t 
50,  A  C  40>  and  B  C  30  mchea  ? 


„      60+40+SO       ISO      _„ 
Here  ^-^  =  -^=.60, 

then  60—50=10,  thejirsl  rema. 
tecond ramdnder ;  and  60-7.^0=.' 
wbause  v'SOx  10x80x30=: v'3' 
inchet;  Men  600-^28fl  =3-127, 
—831=2.597,  area  in  mine  gi 
=.279,  area  in  mali  butieli. 


By  the  Slidi 

Multiply  the  half  sura  and 
dnually  together ;  extract  the 
duct,  and  you  will  obtain  the 
divide  thia  area  by  the  square 
be  the  area  in  ue  and  winr 
(See  the  use  of  the  Sliding  T 

MuUi 

OnA 

At  1 
As  1 
As  1 

OnB. 

:       60 
;      600 
:    i2oor 

Exit 

.Sit  1  wt  C 

lo  I  on 

J10 


17.)   MExsimAXiov  or  ivnuiciss.         101 

By  tke  Sliding  Rule. 

le  on  A,  is  to  the  area  on  B ;  so  is  the  depth  on  A, 
ontent  on  B. 

nA.  OnB.      QaA.      OnB. 

(  2.13 1  r  1 8.29  ok  galbms. 

1  :  ^  S.60  >  ; :  8.6  ;  <{  S2.8S  winegalbnt 

i  .283  C   ^MmaitluiheU^ 


\e  three  sides  of  a  triangle  measuve  114^  112,  and 

es  respecdvel  V  ;  what  is  its  area  in  ale  and  wine 

and  malt  bushels  ? 

The  area  is  17.689  ale  gallotuj  21.594  mtte  gaU 

d  2.319  maU  bushels, 

e  base  of  a  goile^tim  is  an  eqaiUiters]  triangle 

de  is  74  inches ;  required  the  area  and  content 

rallcmsy  when  the  depth  of  the  liquor  is  28^ 

The  arm  ii  8.408^  and  the  cotUeut  240^4688  ale 

The  QrsI  ques^uxi  in  this  Problem  being  a  rjght-^ngled 
oaj  bse  more  eaaSkf  wcHwed  by  the  Rule  given  in  the  last 
and  tlie  fourth  miekion  Ising  an  equflateral  triangle,  may 

solved  fay  ProWem  ^  t/mthi  the  Rule  given  in  thia 
is,  however,  partieularly  luefiil  in  finding  the  areas  of  oblique 
sngled  isosceles  and  scateoe  triangles,  when  thdr  sides  only 

and  also  In  delerminhig  the  aiea  oC  a  tiapezium  ihim  the 
md  one,  of  the  dxagooals^ 

PROBLEM  VL 
Tajlnd  the  area  qf  a  trapezium^ 

RULE. 

BythePen^ 
ply  the  sum  of  the  two  perpendiculars  by  the 
upon  which  they  £dl^  and  half  the  product  will 
rea  in  square  inches*  Divide  the  area  thus  found, 
231^  and  2150.42,  and  the  respective  quotients 
the  area  of  the  %ur#  in  ale  and  whie  gaUooiSy 
t  bushels. 

K3 


lOS 


PBACTXCAL  GAVaiKG.  (fA&T  1\ 


Note  h  The  akea  of  a  trapezium  may  ako  be  found  by  dividing 
Into  two  triangles,   and  con^ting  tliie  area  of  each  triangle 
either  of  the  last  Problems. .  / 

2.  Sometimes  a  tnqpezium  may  be  very  pn^wrly  divided  into  t 
right-angled  triangles  and  a  trapezoid. 

EXAMPLES. 

1.  What  is  the  area  of  the  trapezium  A  B  C  D^  in  s 
and  wine  gallons^  and  malt  buaaels ;  the  diagonal  A 
measuring  121  inches^  and  the  perpendiculars  fi£^  ai 
D  F,  38,3  and  43.1  inches  respectively  t 

D 


S},-,,*»^., 


Inches. 
58. 
43. 

61.4  sum. 
121  diagonal. 

814 
1628 
814 


2)9849.4 

JXvisor  23S)4924.7(17«463  ak  gallons. 
282 

2104 
1974 

1307 
1128 

1790 
1692 

9^0 
846 

134 


IT.)    Msusu&ATXON  or  SVPSMncIES.  JOB 


1, 4924.7*T-281=21^I9  mm  gaUons 
!2=2.290  maU  htukek. 


By  the  Sliding  Rule. 

he  square  divisor  on  A,  is  to  the  diagonal  on  B  •  ao 
the  simi  of  the  peipendicultfa  on  A,  to  the  aica 


282      1  (17M  ok  goBtm. 

231       Y    :  121  ::  4a7  :  <  21M  wine galkme. 
150.42  J  L  ^Jt9  maU  Imfkei^. 

iliat  is  the  area  of  the  followiijff  trqieaiiini^  in  ale 
;  AB  measuring  130*5,  D£  46.4,  BD97^and 
6  inches  ? 

This  figure  Is  divided  into  two  triani^  beeatitt  two  pefpcn* 
cannot  b^  t4ken  upon  either  of  tbc  dii^pnalst 


;  130.5  x4&4-r2=6055^0-^«=«0«T.60,   the  area 

triangle  ABB;  and  97x24,6-r2=2S8&2^23s 
,  the  area  tf  (he  triangle  BCBi  /Ae^  3027,604. 
=4220.7  equare  inches,  the  area  qf  th^  trapezium 
D;  whence  4220.7-7-282=14.967,  Ae  area  in  ale 


By  the  Sliding  BuU. 

he  square  divisor  (m  A,  is  to  the  base  on  B ;  so 
the  perpendicular  on  A,  to  the  area  on  B. 

V.     OnB.         OnA.         OnB. 
2,   fl30.57  ..  C23.27   .  S  10.73 iriangle A B D, 
•\  97.0J--ll2,Sj  •  IJi^Striaf^leBCD. 

l4.96trapemmABCD. 


IM  AaGTICAL  CL&VaiKG.  (PABT  IT.) 

3*  Let  the  last  figure  represent  the  base  of  aooder; 
v^hat  is  the  content  in  ale  gallons,  when  the  depth  of  the 
liquor  as  3.7  inches  i  Am.  55^779  ole  gaOoiu. 

4.  What  is  the  area  of  a  trapezium  in  wine  gallons ; 
the  diagonal  measuring  94.4,  and  the  two  perpendiculars 
g8.2  and  47  inches  respectively? 

An^  16.365  tvimf  galimsm 

5.  How  many  bushels  of  barley  can  be  steeped  in  a 
in  a  cistem  at  one  time ;  when  the  diagonal  of  the  bot- 
tom measures  126,6,  the  perpendiculars  58«4  and  46.8 
respectively,  and  the  deptn  3Q^S  inches;  aUowing  one* 
fifth  of  tiie  capacity  of  the  vessel  for  the  stvell  of  the 
graiQ?  Aru.  ^7.3333  buskeU 


PROBLEM  VIL 


To  jfind  the  'area  qf  a  trapezoid* 


RULE. 

*By  ike  Pen. 

Multiply  the  sum  of  the  two  paralM  sides  by  the 
perpendicular  distance  between  them,  and  half  the  pro- 
duct will  be  the  area  in  square  inches.  Divide  this  area 
b^  282,  231,  and  2150.42,  and  the  resnective  quotients 
will  be  the  area  in  ale  and  wine  gallons,  and .  oudt 
bushels. 

XoU.  Half  the  sum  of  the  parallel  sides  of  a  trapesoid,  multiplied 
hy  the  perpendicular  distance  between  them,  will  ||;ive  the  aiea. 

SZAMPI.B8* 

1.  What  is  the  area  of  the  trapezoid  A  B  C  D,  in  ale 
and  wine  gallons,  and  malt  bushels ;  the  parallel  sides 
A  D  and  B  C  of  which  measure  93.6  and  71.8  respectiT^ 
1y ;  and  A  B»  the  perpendicular  distance  between  theiD> 
151,5. inchest 


IT.)    inEKSUJULTTON  OF  8t?£BFIClX8. 
I> 

c 


105 


Inchefm 


iUet^ 


71  Bj 

170.4  sum. 

151.5  boM. 


8520 
1704 
85S0 
1704 

£)25815.6Q 

Divi$or  282)12907.80(45.772  alegaOoiu, 
1128 

lfe7 
1410 


2178 
1974 

2040 
1974 

660 
564 

96 


12907.80-^281 =55.877  wine  gallons;  and  12907.80 
.42=6.002  malt  bushels. 


By  the  Sliding  Rule. 

he  square  divisor  on  A^  is  to  the  base  or  perpendi* 
listance  of  the  sides  on  B ;  so  is  half  the  sum  of 
es  on  A,  to  the  area  on  & 


106  VSLACritAIs  GAUGING.  t[jPAKT 

Oh  A,         OnB.       On  A.        OiB. 


r  282 
As  -{    231 
[2150.42 


45.77  ale  gallo 
151,5  : :  85^  :   ^  55.88  wineeall 

.00  mali  busi 


2.  Let  the  following  figure  represent  a  floor  of  mi 
how  many  bushels  does  it  contain,  when  the  parallel  si 
AB  and  DC  measure  186  and  112  respectively;  E 
the  perpendicular  distance  between  tJiem^  106 ;  and 
deptn  of  die  grain  5.7  inches  ? 


A     E 


l/««186+112xloe=:298x  106=81588/  and  315 
-5-2=15794,  the  area  in  square  inches;  also  1579^ 
2150.42=7.344,  the  area  in  vudt  bushels;  then  7.344x ; 
=^41.8608,  the  marker  of  bushels  required. 

Bif  the  SHding  Rukn 

Find  the  area  as  in  the  last  example ;  then  as  one  < 
A^  is  to  the  area  on  B;  ao  is  the  depth  on  A,  to  the  coi 
tent  on  B. 

Oft  A,       On9.    On  A.  OnB. 

wl*  2160.42  :  106  ::  149  :  7.34,  <*^  area;  then, 
^       1        ;  7.34::    5.7  :  41.86, /^  contend 

Or, 

Without  knowing  the  area,  the  content  may  be  foup 
by  the  line  marl^ed  M  D,  thus  ;  As  the  perpendicular  di^ 
tance  of  the  sided  on  B,  is  to  the  depth  on  M  D ;  so  ^ 
half  the  sum  of  the  sides  on  A,  to  the  content  on  B. 

OnB.    OnMD.     On  A.        OnB. 
4*106    ;    5.7    ::    149    :    H^^Q,  the  contend 


(?A1T  tir.)     MftlMimATlDN  W  imOBVICtXS.  MQt 

S.  Tbe  baae  of  a  oooler  is  a  tnqpjcaMd  wbam  pmllel 
leg  meiSBre  214  and  178  respectivdjr ;  and  the  per^ 
pendicolar  diatanoe  between  tbem  146  incfaca;  wbax  k  die 
ammalegdoBS?  Am.  101A75  tJe goBomtk 

4.  If  the  depth  of  the  liqaor,  m  die  fiw^kig  cooler^ 
beoneuK^andaeTeiKtentfas;  bow  many  ale  galboe  does 
it  contain?  Ans.  IT2.5075  afegoflbni. 


PROBLEM  VIIL 


To  find  the  area  of  an  irregular  polygon  of  aay  nam* 

her  of  9%d€$. 


RULE. 

By  (M  Pen. 

Divide  the  gitren  figure  into  triangles  and  brapeaiimis^ 
in  the  most  conTenient  manner;  a«4  find  the  aiea  of 
esch  separately  \sf  the  fategnAxxg  Pkoblenis ;  then  the  sum 
of  these  areas  wiH  be  the  area  of  the  polygon  in  square 
indies.  Divide  the  area  thus  fbund  \rf  282^  251,  and 
2I^0.42>  and  you  wiH  obtain  the  area  of  the  %ux^  m  ale 
and  wine  gallons,  and  malt  bushels. 

N$He\.  It  Is  •ometioMS  more  «Kgibl«  to  find  the  double  area  of  eeck 
figure  into  which  the  polygoii  is  divided  ;  and.  half  the  sum  of  thee^ 
double  areas  iviU  be  the  area  of  the  pbljgom 

2.  Sometime^  the  area  of  an  irregahur  figuiile  may  be  very  eiflHv 
fianiid  by  measming  a  baee.lhie  hi  a  conrenient  pOsMon  ;  and  upon  it 

the  wh(^  figuxe  Into  right-angled  triaqf^  and  txapeioida»    (Sea  ,Sc. 

ample  4w) 

IJCAMPLBS. 

1.  Required  the  area  of  the  irregular  pblygon 
ABCDEFGj  in  ale  and  wine  gaOons^  ai& matt basl^s> 
ftom  the  fi^owing  dxmensibns^    . 


108  »ftACTXCAL  GAtrCIKG.  (jBAJBLT 

Diagonals.  Perpendknlars. 

Inches*  Inches^ 


Am=s    75.07  Cms:  24.0 

A  B  =  106.5  J  G  o  =5  22-5  7 

Ao  =    S6.0)  Cn  car  25.8  i 

An  =.    74.4>  Ep  rs  S1.2  > 

A  D  =  108.03  G  r  =  27.6  J 


CoNSTRtJCTioli.  t)ra\^  the  line  AB,  which  ma 
=  106.5 ;  and  lay  off  75.0  from  A  to  9)i»  &t  whrdi  jpoj 
erect  the  perpendicular  C  wi  r:  24.0 ;  tad  join  %.  C  tod  B 
and  you  yrill  have  the  triangle  ABC.  j 

WiUi  C  as  a  centre,  and^  the  radius  C  n  =  25.8,  descry 
an  arc ;  and  with  A  as  a  centre,  and  the  radius  A  n  \ 
74.4a  describe  another  arc  cutting  the  former  in 
Through  the  point  n  draw  the  di^onal  ADs  1081 
upon  which  lay  off  A  o  =  36.0.  At  o  erect  the  pj 
pendicular  G  o  ==  22.5 ;  join  C  D,  D  G,  and  G  A,  aiid  tl 
trapeeium  A  C  t)  G  will  be  completed. 

The  trapezium  D  £  F  G  may  be  constructed  in  a  siiq 
lar  mamiar. 

I 

Calculation.  Here  106.5  x  24=2556,  doMe  the  an 
i^the  triangle  ABC. 

Again,  22.5+25.8  x  108=:48.3x  108=5216.4  doubk  ti 
area  ^  the  trapezium  ACDG.  . 

Also,  31.2+27.6  X  102=58.8  xi02=599t.6,  ^kmUe  th 
area  of  the  trapeximn  DEFtx. 


^v.)  MSKsomATum  ov  tupsBnass.         I€9 


25 


<^reaqfiktWTepaBrfQ^mJBCDErG. 

:31=:29.805«  Ik  arm  m  maegdkmi  o/fiUS-^ 

=3^1,  Ik 


Ijy  <*e  SSdii^^  JBd^ 


IS  opentiflD,  weommt  mnt  be  had  to  Ike 
Probkms  IV.  and  VL 


Ak  Meam/n. 

On  A.        OnB. 
15L0  )     (  4^lrMi^JBC. 
24.15  >:{    9^ irmpamm  ACDG. 
294  j     ( 1063  trmpamm  DEFG. 

24-41  wUefofygom. 


Wmt 

OnB^  OnA.         OnB. 

no6L5)       (12.0  )     i  5.5S  iringle  A B  C. 
{ 108.0  V::^  24wl5  >  X  11J29 ir^ahm  ACDG. 
( 102.0  j       (29.4  j     {12.9s  trofeamm  DEFG. 


99.SO  whcU  folffgom. 


UaU 

.    OnR  OnA.      OnB. 

(10&51       ri2i>  1     (O^lrumgkABa 
l:\  108 J)  >::^  24.15  >X  IJtlinqfammACDG. 

(1OS.OJ       (29.4  j     ( l^iruptemmDEFG. 

3.19  mUc  fofygom. 


'  the  for^onig  fignre  itprtMnt  tlie  lane  of  a 
what  quantOT^  cf  ale  does  the  tia$d  coaUan, 
le  depdi  of  the  liquor  is  6L7  indies? 

Ans.  163.5738  ofe  galkms. 

L 


110  FHACTTCAE   6AlH»IKO.  (PAET  IV.) 

3.  R^(|u^9d  the  area  of  an  irregtilaft>  polygon  in  ale 
and  wine  gallons^  and  malt  bushels ;  the  fint  side  mea- 
suring 94^  he  second  lOS.  the  third  64»  the  fourth  140, 
and  the  fifth  lOOi  inches;  and  the  duigottal  firota  the 
^*st  to  the  third  angle  )60,  and  that  from  the  first  to  die 
fourth  180  inches.    ' 

iVbte.  This  figure  is  divided  into  three  triangles;  the  areas  of  which 
may  be  found  by  Problen^  ^ 

'Ans.  The  area  is  5Z.336  ale  gaUons,  63.890  mne  gallons, 
ami  6.S6SimaU  kisheis. 

4.  Required  the  area  of  the  fhttowiog  ineguiar  Bgate, 
in  ale  and  wine  gallons,  and  malt  bushels ;  all  the  dimen« 
sions  being  taken  in  inches^ 


• 

-r^n 

A.B 

t 

0 

1314 

126 

»$4{ 

1005 

1 

980 

52 

• 

785 

125 

312 

700 

;       555 

;42 

21$ 

460 

• 

3#5 

100 

336 

260 

360 

000 

23St 

Begin  at  A, 

and 

maasurii  to  B. 

iVb(^  1,  Tke  dii«enaons  o^the  fareffmg  Qgura*  ak»  taj^eo  as  direeted 
in  Note  2;-  and  evi^^ntly  divide  the  Qgure  into  one  right-angled 
triangle,  and  nine  trapezoids.  The  base  bne  is.  rae^sur^  from  A  to 
B ;  the  dimensions  are  entered  ftom  the  bottom  tamaed»  tiie  top ;  the 
point  on  the  baae  Haa*  whesa^  each  perpendicular  rises  to  the  opposite 


(nvt  -IT.)    uxxmnu^nw  .<»?  tvMMPiciKs.         Ill 


aa^  is  entoed  in  the  vnddk  oalumn;  and  4iie  jperprndiniUri 
tha&flfeiTesin  tbe  zigfat  and  Wt-hiAd  ttihOMaTHiptttivtff,  T1*  hvte 
Or  eadi  tivp6zoid  tfifty  be  rouiMi  hy  BttbcracVh^  ate  dlMsttm  Oh  the 
Mm  liM  frMfi  CtfA  (4MM  llNlft,  tte  baee  of  tUft  iftt  JMpmM  c*  Ofc 
Ut,iig0O<  the  btmxfdJtm  iart  on  tile  Hfhft,936;  \kt  btm  ^  t^ 
iecood  on  the  left,  460«— 860b»S00;  the  bue  of  the  eaoond  an  ihe 
i^t,  555  —  335  «  220,  &c  Ac 

M  When  tfie  AineiiAioiis  flk%  ttutneroni,  the  vonffAm^  tnerhoQ  ct 
eotmog  them  in  the  Note  Book«  wBl  be  Ibond  tery  couvenlmt  i  if, 
however,  a  rough  skeCdi  o€  the  figure  be  Referred,  it  mey  be  drawn* 
jU|d  the  dimensions  entered  ufOb  tfai  tttpeetive  paru  of  the  figure. 

AiMWta* 

656^16  dkto  on  the  l^ 
g)9g0813  nm. 
490406  area  in  joaMnie  inches. 

Then,  490406-r282c=  1739.028,  the  area  in  aUgaOons; 
490406-i-231  =2122.9^,  the  area  in  nine  gallons;  and 
4d0406-r21^0.42=228.051,  the  urea  in  malt  bushels. 

RntAnk. 

When  any  side  of  an  iM^ftila^  figure  *is  curved,  €]raw 
a  chard-line  60  as  to  Join  the  extremities  of  the  curve ; 
and  erect  perpendiCttkn  tteili  the  chord«lnie  to  the  curve, 
in  such  a  madtter  it  to  divide  the  space  contained  be* 
tween  the  chord  and  tiie  curve  into  a  number  of  small 
right-angled  triangles  and  trapeaoids,  the  areas  of  which 
must  be  found  as  in  the  last  Example.  Or  the  area  of 
the  space  contained  between  the  chord  and  the  curve 
maj  be  found  by  the  method  of  liqui-distant  Ordinates, 
described  in  Ph)bletii  XX. 

ft 

PROBLEM  IX. 
To^nd  the  ana  cf  a  ngidar  pofygm. 

RUL£. 

By  Ikt  Pen.  ^ 

Multiply  |hf  sum  <^  the  sides,  or  perimeter  of  th^ 
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polygon^  by  the  perpendicukr  filling  from  its  c< 
upon  one  of  the  sides ;  and  half  the  product  will  be 
area  in  aqiiaie  indies.  Divide  this  area  liy  282>  231^ 
2150.42,  and  the  respective  quotients  will  be  the  are 
ale  and  wine  gallons,  and  malt  bushels. 

N^U.  The  sum  of  the  sides  nu^  be  obtained  fay  multiplyuij 
length  of  one  side  by  the  number  of  sides* 

KXAMPLES. 

1.  Required  the  area  of  the  regular  hexagon  A  B  I 
E  F,  in  ale  and  wine  ffaUonsy  and  mak  bushels ;  the 
A  B  being  41.2^  and  £e  perpoidicular  P  o  35.6  inched 


Inches. 

6  number  of  sides. 

247^  perimeler. 
35.6  perpendicular. 

14832 
12360 

7416 


2)8800.32 

Divisor  282)4400.16(15.603  ale  gallons. 
282 

1580 
1410 

^1701 
1692 

960 
846 

«^       114 


iv.)  nKMEATioM  or  tnsaFiciM.         IIS 

mkl6^231  -r  19.048  wme  gaUmt ;  md  ^4MMi 
).42=:3.046  mH  ImMhelk. 

Bg  the  SUdmg  RnU. 

le  square  dii^lMnr  on  A^  is  to  half  the  ftum  of  the 
ii  fi;  so  is  l^e  perpendicular  on  A^  to  tHe  iiek 

3nA.     OftB.    Ota  A.    Ctefi. 
\      \    ,  £  15.60  ok  gaOmii 

1        > :  123,6  : :  isM  : <  1905  mne saUmu. 
)0.42J  (   ^MmSltnAtU. 

Imit  (he  forgoing  figure  to  represent  the  base  of 
in;  tl^hiA  numbo*  of  Hie  gallons  does  the  vessel 
iivheu  the  depth  of  the  liquor  is  38.9  inches  ? 

Ans,  606.9567  ale  saUahs. 
bat  is  the  slMl  6f  k  I'egolar  pentagon^  in  *  tSe  gal-m 
be  side  nleaauring  6^S,  and  the  perpendicular 
hes.^  JiU,  Q5,(kl  ak  ^aiUftis^ 

be  dde  of  ihb  hkse  of  a  heptagond  n^ine  vkt- 
s  46.3^  and  the  perpendicular  48.1  inches;  re^ 
the  area  and  content  in  wine  gallonfi^  ^hen  the 
^  the  liquor  is  48.6  inches  ? 
Tke  area  is  33.7^,  tnd  the  coniaU  1 639.86 1^. 
Ions, 

PROfiJLEM  X. 

the  area  of  t^  regular  poison,  when  ihfi  side  otily 

is  given4 

RUL£. 

ply  the  square  of  the  given  side  by  the  number 
standing  opposite  th.e  name  of  the  polygon^  in  the 
ig  Table,  and  the  pvedutt  will  be  the  area  in 
mdies,  ale  gaUons,  ivUi^  ^^Upns^  or  malt  bushel^ 

ively. 
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A  TABLE  OF  POLYGONS,  &c- 


Kaof 


Nameiof  tlie 
Potjjgdm* 


m 
S^  Inches* 


m 
AleGalL 


in 
WlncGaU. 


Are 
in 
MaltB^ 


3 

4 
5 
6 

7 
8 

9 
10 

11 
12 


Tngaa 

Tetragoo 

Pentagon 

Hexagon 

Hqptagon 

Octagon 

Nonagon 

Decagon 

Undecagon 

Duodecagon 


0.433013 
1.000000 

1.720477 
2.598076 

3J63S9l*i 

4.828427 
6.181824 

7.^209 
9.365640 
11.196152 


.001536 
.003546 
.006101 
.009213 
.012886 
.017122 
.021921 
.027284 
.033211 
.039702 


.001875 

.004329 
.007448 

.011247 
.015731 
.020902 
.026761 
.033308 
.040544 
1.048468 


.0002^ 
.0004^ 
.0008^ 
.001£< 
0016^ 
.0022^ 
.0Q287 

•0O357 
.00435 
•00520 


EXAMPLES. 

1.  The  side  of  a  re^lar  pentagon  is  38  inches  whi 
is  the  area  in  ale  and  wme  gallcxis,  and  malt  bushels  ? 

Inches. 
SSside. 
SB  side. 

304 
114 

^  1444  square  of  the  side* 

.006101  muUipUer. 

1444 
1444 
8664 


8.809844  ok  gaJkn^ 
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},  1444x.00744i8sia754912    wm€  mdkm f    tmd 
(.0008=1.1552  maU  husheU. 

Bg  tie  SlidiMg  BmU. 


I  on  D,  is  to  the  multiplier  en  C ;  so  if  the  ode  of 
ijgon  <«  D^  to  the  area  on  C. 

)nD.      On  a  OnD.        On  C. 

r.0061011  (  SMtUegaOfms. 

r  1  :    ^.007448  V  H  38  I  2  10.76  wme galkms. 

(.0008     3  (   lA6maIilutheb. 

Required  the  area  and  content  of  a  hexagonal  gnil^ 
ale  eallons ;  the  side  of  the  Tetsel  measuring  21*7 
dram  41.6  inches. 
The  area  is  4.3385,  and  the  comtetU  180.47828  ak 

ft 

idiat  is  the  area,  in  vine  gaUonsjy  of  a  hepCagonal 
at  whose  aide  measures  24.8  inches? 

Ans.  9.2889  wme  galkms. 
f  the  side  of  an  octagonal  cistern  measures  31.2 
,  what  is  the  area  in  malt  bushels? 

Ant.  2.1853  mali  huMU. 

PROBLEM  XL 

n  the  diameter  cf  a  drck  to  Jmd  the  drcym^erence  ; 
or^  the  circufi{ference  toJM  the  diameter. 

RULEL 
%  the  Pen. 

J  is  to  22,  so  ill  the  diameter  to  *the  eircumfieienco : 
22  is  to  7«  so  is  the  drcumftrenoe  to  the  diameter. 

RULE  IL 

Itiply  the  diameter  by  3.1416,  and  the  product  will 
e  drcumferenoe:   or,  divide. the  circumference  by 
3^  and  the  quotient  will  be  the  diameter. 
'^  The  leooiid  Rule  is  mm  conwct  thso  tbe  int,  and  It  theie- 


lltf  nAcncAL  oAvanm.  (part  j 


BJDillFLES. 


1.  If  the  diameter  Afi  of  a  circle  be  d4.5  inched,  \i 
18  the  drcamference  ? 


By  Rule  I. 

^s  7  :  22  ::*84.5  :  265.571  inches,  the  circumference 
quired. 

By  Rule  11. 

HereS.Ul6x^4.5s=265.4652  inches,  the  ctrcumferei 
required. 

By  the  SUding  Rule. 

RULE  I. 

As  7  on  A>  is  to  22  on  B ;  so  is  the  diameter  on  A, 
the  ciramiference  on  B :  and  as  22  on  B,  is  to  7  on  i^ 
90  is  the  circumference  on  B,  to  the  diameter  on  A. 

On  A.    OnB.    On  A.    On  B. 

As  7  :  22  : :  84.5  :  265.57  inches,  the  ctrcumferem 
required. 

RULE  IL 

As  1  on  A,  is  to  5.1416  on  B ;  so  is  the  dfaMeter  dii  A 
to  the  tireHmferenct  en  B ;  und  vice  virsd. 

On  A.      OnB.          On  A.  OnB. 

As  1  :  S,14l6  :;  84.5  ;  ^65.A6  inches,  the  cir 
cuffiferenee  requhed. 

2«  The  circttfftference  of  a  cirde  is  96d.465t  faebt^^ 

whatisthedSameier?  An9.  M45insheSi 

S.  Th«  diameter  of  a  cylindrical  vessel  is  S&9  inches, 

what  is  its  circumference  ?  4i9if  ll6.i 


'  IT.)  HEK8ITBATI039  ov  stnnmnciEs.         117 

^  cavm&ftKnoe  of  •  globe  or  sphaf^  is  86.7  in- 
irlttt  is  its  diameter  ?  Ant.  97^5fft^  incke$. 

•  7%ere  if  no  figure  that  Bfibrdt  t  gnttar  variety  of  ueeAilpfO- 
than  the  drde ;  aor  is  there  anj  that  contaiM  «>  laife  an  aiea 
^ameperiaieter. 

3^  of  the  diameter  of  a  chde  to  iti  cfrcumfcicuca  haf  never 
<:i«t]ydeteiin]iied;  although  this  eriebnted  Prableoa,  called 
''^i  of  the  cirofe,  haa  engaged  the  attentioii  and  exeidaed  the 
^tbeabktt  Mathamatkiana,  both  andent  and  modenu  But 
^^  t^atkn  betwaen  the  diameter  and  LhiuniiBiencc  cannot  be 
«fined  m  known  nmnben ;  yet  appnufanathig  latioa  have  been 
ed  sDificientlj  oorrect  fior  praetleal  purpoaeii 
oedes,  a  native  of  Syiacuaet  who  flomtthad  about  200  ycara 
«  Christian  ana,  alter  attempttog  hi  vate  to  determloe  the  true 
the  diameter  to  the  eucumidRaoek  iiMind  it  to  be  nearly  aa  7 

'opcnrtion  given  bj  Vieta,  a  Frenchman*  and  MetlnSf  a  Duteb« 

«ut  the  end  of  the  18th  century,  to  «  113  to  36^  which  to 

ore  aocmate  than  the  ftnner;  and  to  a  veiy  oommodioiia  ratio, 

I'cchiced  into  dechnala,  it  agreea  with  the  truth  to  the  risth 

ilusnrdy. 

^>  however,  who  aaoertained  thto  ratio  to  any  great  degree 
°es,  waa  Ludolph  Van  Ceuton,  a  Dutchman.  He  found 
the  diameter  of  a  drde  be  I,  the  drciunlierenoe  will  be 
i6o3589793S3B40S643383279508884  neariy,  which  to  true  to 
i  of  dedmala.  Thto  waa  thom^  ao  eatraoidin^  a  perform- 
At  the  aumbeTB  were  cut  on  hto  tanft^fow,  in  St.  PetePa 
)  anl,  at  Lcyden. 

the  invention  of  fluziooa,  by  the  fllitotiioua  Sir  laaae  Newton, 
^  of  the  dide  haa  become  more  eaay ;  and  the  late  ingeni- 
Abraham  Shaip,  of  Little  Hortan,  near*Bredford,  in  York. 
38  not  only  confirmed  Cculen's  rado,  but  extended  it  to  78' 
f  dedmals.  % 

fohn  Machin,  Profieaaar  of  Astronomy  in  Gfcaham  College, 
>  has  also  given  ua  a  quadrature  of  the  drde,  which  to  true  to 
•es  of  figures .  gj^  ^ven  thto  haa  been  extended,  by  the  French 
Jatidans,  to  128- 


PROBLEM  XIL 
Tojlndthe  length  of  the  arc  of  a  circle. 

RULE  I. 
By  the  Pen. 
»Q  8  times  the  chord  of  half  the  arc  subtract  the 
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AUo,  1156x. 003399=3^9244,  the  area  innnne  gaU 
Ions;  1156x  .0034S^  3.99976,  the  areain  nuuh4un  gtdUm ; 
and  1156x  .000365 =.42 1940,  the  area  tn  maU  bushels. 

Bif  DivisioH. 

Sq,  qf  diameter. 
Divisor  35905)1156.00(3.2196  ak  gallons. 

107715 

78850 
71810 


70400 
35905 

344950 
323145 

218050 
215430 

2620 


Also,  1 156-r294.12  =3.9303,  the  area  in  wine  gallons; 
1156-T-289>=4.0,  the  area  in  mash4un  gallons;  and  1156 
•^2738  =5.4222,  the  area  in  malt  bushels. 

By  the  Table  of  Ale  Areas,  in  Part  VI I. 

Find  the  diameter  34,  in  the  first  or  left-hand  column ; 
and  opposite  to  it,  in  the  second  <x>lunn,  you  will  have 
3.2196,  the  area  in  ale  gallons. 

By  the  Table  qf  Wine  Areas,  in  Part  VIL 

Having  found  the  diameter  34,  iii  the  first  column; 
opposite  to  it,  in  the  second  column,  we  have  3.9304,  the 
area  in  wine  gallons* 

s 

By  the  Sliding  Rule. 

RULE  L 

As  the  circukr  divisor  on  A,  is  to  the  diameter  on  B; 
80  is  the  diatneter  on  A>  to  the  area  on  B. 


)     JCXKWKAXIOH  OV  SVPSftFICtSf.  ISl 


qA.     OnB.    OnA.   QnB. 

5905)  fSJtSt   akgaUtms. 

{9.0    Z'    .   ^  ..  «*  .    -^4,00     MOjA-telM&IM. 


RULE  IL 

ircular  gange-point  on  D»  is  to  unity  on  C; 
leter  on  D,  to  the  oreft  on  C. 


)n  D.  On  C.    On  D.  On  C. 

SS!i   ttlegaUons^ 
.gs    winegalhms, 

MO   moih-iuH  galkmi* 
,4S5t  maU  buiheU. 


)n  D.  On  C.    On  D.  On 

1 8.95  )  (Si 

i7.15f    .  ,  .,  ,.  .  J3.< 
i7.07f  •  *  ••  ^*  .  -\44 

52.323  t  •' 


diameter  of  a  circle  18  815.8  inchef>  wliat  is  the 
i  and  wine  gallons  ? 

By  MidtipUcaiion* 

2I5.8X  215.8X  .002785  »  4p65€9-64x ^002785  s 
t74,  <A€  ofva  m  ol?  gattotu;  and  465^64x 
=  158.290206S6,  lA«  area  ta  imii«  gaOont. 

ByDwidon. 

6569.64-^359.(^5=129.7023,  <A«  ami  ta  dl?  gal- 
f  465€^.64^294.12= 158.3355,  Ms  arm  •»  ivfas 


le  TabUa^Akand  WuuAreoi^  in  Pari  VIL 


ig  found  215  in  the  first  columli  of  the  Table  of 
s,  and  .8  at  the  top  of  the  page ;  then  in  the 
I  angle  0f  meeting,  we  have  129.7011,  the  area  in 
ns, 

roceeding  in  the  same  manner  widi  the  Table  of 
eas,  we  obtain  158.3867j  the  area  in  mnegalkms. 

M 


142-  "  >»»AMWAIi  QAB^tiHS^/      ••      (tA-BT  I^ 


.;    '  ' 


Bg^  the  Sliding  Rtde. 


•\ 


^t^e  audtng  Mule.      •    " 
BijLE  I. 


0 

On  A.         OnB.       On  A.  OnB. 

J  j  359.05  1  .  01  ^  Q  .  -  «i «  8  -  1 129.70  ale  gallon 

^*\294.12  j  •  ^^^'^  ••  ^^^'^  •  1158.34  wine ga/^0 

,      .      •  »i.  '•    .'i   ' .    .  ■•              •  •'        ..     . '  •           ' 

J  RULE  II.'- 

OnDi    OnC,     On  I).        0»  C. 

.    fl8.95Y    •  ,    ..  ^..0  .     f  129.70 .afc5«flo«^. 
,    *\17.15J    •        ••  '     \l 58.34 >H/«egfl*toitf. 

3.  If  tji^  dtcfe,  in  the  last  question,  be  the  base  o< 
cylindrical  gufle-tun  ;  how  many  gallons  'of  ale  does  i 
vessel  contain,  when  tbe.deptfe  of  the  liqi^or  is  48.6  i 
ches?  '"  • 

Ale  GaUons. 
129.701 1  area. 
'  48.6  depth. 

...     .    7782066 
1037608^ 
5199044 


6303.47346  Ans. 


By  the  Sliding  'Rule. 

As  1  on  A,  IS  to  the  area  on  B  ;  *so  is  the  depth  on  ^. 
^  to  the  content  on  B.  \ 

On  A.    "On  B.  On  A.      On  B. 

As    i:     129.7     ;.:.    48.6  ;  6SQ3A7^  ale  gaUotis. 

.4.  Tl^dian^etorofa.chrele  i$  3a6  inches^  what  is  i 
area  m  ale^.  iwpe> .  apd.  masMw  gaQ^n^y  and  va» 
bushels  ? 

<  Ajna.  By  MukifliQaticn,  ihea/rea  i|  4;1280  aU  gallons 
5.0391  wim^ffUofihi ;  54^85.  ma9h4un  gaUom  i  and  .541 
maU  hushdi. 


fwirnr.)    MEnwsATxonop.svenFiciEs.         las 

M^nrnie  areas,  ^1.005  wine  ffblkmi    ... 
&  Tie  (fiameter  of  a  cylindrical  v^sael  is  5«.2  inches, 

TJn  f  5^  •{•^  ^'^^^^^  *■  •*•  ««"««%  when  the 

.  ^^;  ^  ^«atptow<w«,  Me  urea  tf  7.8822,  hik^  /Ae  w/i- 
^281.39454  ale  gaUom^ 

UEKERAL  nVtiS.     : 

^  foHoWuig   Sttkd  will  ^re  fxMt  «f  tlie  iM^l 
n*!ang  relating  to  the  dnJe  and  its  equal  or  inaiifctid 

J^J  1»   The    diameter   of  a   circle   multiplied    by 
•^^^,  will  give  the  side  tti  b  square  equal  in  area. 

2.  The  drcumfferebceof  a  t»de  w^'l^ed  by  .2820948, 
^give  the  side  of  a  squ^lite  equal  in  area. 

3.  The  fii^uneter  of  a  drcte  multiplied  by  .70710(>8, 
^  give  the  si4e  of  the  inscribed  sqiiare. 

4.  The  circumftrence  of  a  circle  multiplied  by  .225079 1 . 
^Igve  the  skte  of  the  iaseribed  squall. 

5.  The  area  of  k  drde  <nuki()lifed  b^  .686819?,  ttid  the 
«3uare  toot  of  ihd  fi^uc^  ei4ifd»4  '^iH  ^va  (he  v*.of 
tbeinacrilsed  square. 

.6^16  side  of  a  aquare  midOblidl  by  MlM|4kAHIl 
give  the  diatoelter  <tf  its  d^cumscribing  circle. 

7.  The  side  of  a  aqwve  mak^lsed  ii(y'.4.442883,  will 
r  T^!'^*^      "*^  of  its  circnmsRribing  «lhd^  . 

8.  The  side  of  a  square  multipHed  by  1.I28S79,  will 
g^  ttie  ihnelMr  «f  a  circle  equal  m' areal    ' 

9.  The  side  of  a  squares  multiplied  by  8.544908,  will 
m  the  arcumference  of  a  circle  equal  in  area. 

PftOBLEUt  X!  V. 

'^^  ^nd  the  area  ^  Urn  imkK  vf  M  oirtle. 

RULE.  ■        . 


B^ilaPen. 
*^"^%  At  length  of  the  arc  by  the  radius  of  the 

•    M  2 


liB4i  njLcncAL  gavotsg.         (part  it.) 

8ecUn%  mid  half  the  prodaet  will  be  the  area  in  square 
indies;  whkh  being  divided  by  288,  8S1;  and  2150.4S, 
the  re4>eetive  quotients  wiU  be  the  aiea  in  ale  and  wine 
gallons,  and  malt  bushels. 

Note  1.  The  lengtii  of  the  arc  may  be  fbund  by  Ptoblein  Xlh 
%,  The  area  of  a  quadiaitt  hiay  be  obtained  by  taking  i,  and  the 
area  of  a  semi-drcle  by  taking  |  of  the  area  of  the  whole  ciicie. 

EXAMPLES* 

1.  What  is  the  area  of  the  sector  A  B  C  D,  in  ale  gal- 
lons, when  the  radios  A  B  or  A  D  measures  45,  the  diord 
fi  D  of  the  whole  arc  72,  and  the  versed  sine  C  E  18  in* 
dies? 


Here  V'iS«+l8«±:i/l296+S24=v'l620  sr  40.2492 

-^r^  .T     >     :■.   ^  >  >^  .                  » 40.2492x8-72 
SzD  C,  the  chord  qf  half  the  arc  ;  am  — ■ — — r-* =5 

521.9936--72     249.9936    «««^,^\.    /    ^l   ^  .t 

-22^ =  — ^^ — =88.8312^  the  length  of  the  arc 

o  8 

T^i^U      .L       83.881«X45      8749.9M      ,orr.tn«t»    sl^^ 

DCB;  then =    ■     r- — s=tlS74h95^,  the  area 

2  2 

in  square  inches  /  whence  —    '^     s:  &648,  the  area  in  ale 

282 

gallons. 

By  the  Sliding  Rule. 

As  the  square  divisor  on  A^,  is  to  the  radius  of  the 
sector  on  B ;  so  is  half  the  length  of  the  arc  on  A^  to  the 
area  on  B. 

On  A.      OnB.        On  A.        OnB. 
As    282     :     45     :;     41;66     :    6.65  ok  gallons. 


.  I 


(mtn.)  xsNsoumoii  o»  ttnunciss.         Its 

vctSUSmdiea;  irluiit  is  Us  IMH  in  wiM gdiflM ^ 

Ans.  2.9045  ivtue  gaUant. 
3.  The  radius  of  a  sector  is  60,  and  the  chord  of  the 
vbdeoc  72  indies  ;  what  k  its  area  in  malt  busheh  > 

Jkik.  1.0768  malt  busheU. 

i  Iliendiiis  «f  a  cookr»  [^aeed  in  an  oblique  angle  ol* 

3  lireir4KNue,  measures  80^  the  chord  of  the  whole  arc 

iMy  and  die  chord  of  half  the  arc  69*3  inches ;   re* 

guired  the  area  and  content  in  ale  gallons,  when  the  depdi 

of  the  liqaor  is  8.7  inches. 

^».  the  area  is  20.312,  and  ike  cvUaU  176.7144  ah 


PBOBLEM  XV. 

^0  find  Ike  ated  of  ik$  segment  of  a  circle, 

RULE  I. 

Sy  the  Peru 

Totwothiids  of  the  {voduct  of  the  «chpfd  and  he^ht 
f  the  legittent,  add  die  ctthe  of  Ifaa  lieight  <Uvided  by 
vice  the  chord,  and  the  sum  will  be  the  area  in  square 
^chei.  Divide  this  arte  by  282,  0Jl,anddl6O.46»and 
^mpective  quotacnte  wiU  be  the  area  in  ak  and  wine 
^  and  mak  basheb. 

^'<*i  I.  It  like  s^ment  be  givilcr  tkan  «  flcmioeMc,  fin4  the  •!«« 
'  ^renaming  segment,  which  eubtract  from  the  area  of  the  wfaele 
-tk;  aad  the  lemaiader  wiU  be  tl«  «ea  «f  the  s^|mept  lequiieci 

>•  When  the  chord  and  versed  sine  are  given,  divide  the  square  of 
'^'  the choidhy  the  vened  sine;  to  the  quotient  add  the  verged  sine, 
x^  tiiesQiii  will  be  the  diameter  of  the  circle ;  hence  its  area  may  be 
^•^  by  Prob.  13.  Or,  multiply  Ihf  aqoare  of  the  diameter  by  .7854, 
a  the  product  will  be  the  area  in  square  inches ;  from  this  take  the 
» of  the  remaioing  a^graeat*  and  4he  diillnreBce  will  ty  the  area  or 
( "^^gOKht  tequired,  in  aquaK  itic^ea. 

I  The  thcfed  A  B  os^s^nnes^.lidO)  W  4he  vtfmi  ^nc 


CEaoinehes;  what  is  the  area  of  the  MgwnH  A  C  B, 
ale  «nd  wine  {^0118,  and  malt  bttihdt  ^ 


n  .  • 

Ifere  120x30x1=3600 X  1=5^^=  2400,   iwo^hif 

o 

qf  ikt  wodMd  (f  the'Ohord  and  versed  sine,  or  hagJu  of  i 

^     80*        27000        ^^       , 
seffnenki  ^"^  igox2^"«io"^      '  '    ihe  cube   of  i 

height  divided  by  twice  the  chord;  then  2400 -f  112.5 
.S512.5j  the  area  in  square  inches;  whence,  2512.5-r2S2 
8.9095^  the  area  in  ale  gallwu ;  2512.5-T-231  =  10.87fi 
the  area  in  wine  gallons;  and  2dl2.5-i-2 150.42 =1.1 6*8 
the  area  in  malt  bushels. 

2.  The  chord  A  B  is  128>  and  the  versed  sine  C  £  i 
inches ;  what  is  the  area  of  the  segment  in  afe  and  wii 
^idlons? 

Ans.  The  area  is  10.137  ale,  4zad  12.375  wine  gallons. 

8.  Required  the  area  of  the  sefpnent  A  DB,  grestt 
than  a  semi-circle,  in  ale  and  wine  gallons,  ano  ms 
bushels ;  the  diord  A  B  measuring  60,  and  the  verse 
sine  E  D  40  inches. 

Ans.  7*^51  ak  gallons,  8.^74  wine  gallons,  and  .964  mA 
bushefs, 

RULE  II. 

Divide  the  versed  sine  or  heiffht  of  the  segment  by  tbi 

diameter  of  the  circle  of  whidi  the  segment  is  a  part 

and  find  the  quotient  in  the  column  of  heights  or  verse< 

sines,  in  the  Table  at  the  end  of  Part  IV. 

•  jikt  out  the  ^orrespemMng  Area  Seg.  which  mvltiplj 


(PAIT  IV.)      HENStriATXOK  QW  tVfBlVlCns.  ISfJ 

i7the8qiw:e€Cflie  dkmeler,  and  Ot  pMdiict  will  be 
the  TO  of  tbe  se^^nent  in  aqwre  indlea.  Divide  the 
aret  thus  obtained  by  282,  2S1,  and  2150.42,  and  the 

^  f^JH^^^  to  the  fim  th««  dedaiid.  ci  the  qooiS] 
«i«n«itftoin  the  nest  gwattt  ulmi  Seg.;  mMpty  the  rrmifadcT 
by  the  firactjonal  pnt  of  tbe  quotient,  luid  the  ,i^  iHuStS 
cnrnpoodiog  proportional  put  to  be  added  to  the  lint  Area  Seg. 

EXAMPUC  If  tbe  venedsinebe  25,  and  the  diameler  55.  we  1mm 
!|=.«4,^,  the  tabular  he^fc  The  ^r«  5^?^.  anawerii^^to^  k 
JW7W;  the  next  gnater  Area  Seg.  is  .34,1769 1  thcirdiflkmBT  m 
.OOOiM;  then  .000995  x  A  -  .0005«,  whfch  being  added  to^Ww! 
ffw  ^7906,  the  Area  Seg,  onresponding  to  •iMA. 

Aife  «.  When  the  area  of  a  aegimnt  greater  than  a  ecmi-drck  ia 
ra^ared, subtract  tiie  quotient  of  the  height  faj  the  diameter.  Inn  It 
C«Ltfae^^^.anre^ondli»  to  the  renudnder,  which  taJLe  fhmi 
.785398,  and  the  diifoence  wU  be  the  Area  Seg.  answerinff  to  the 
qaotienL  ^ 

B^CAifPLX.  If  the  versed  sine  be  66,  and  the  diameter  80,  we  have 
II ^ .8f 5, the  tabular  be^rbt;  then  I— .825«.1T4;  and  the ^rM 

,^'  "SSS!^  ^-^I^*  "  .OWSIS,  which  being  talien  tnm  .T85S98, 
iesTes  .093085,  the  ^fvo  iSle^  com^iondhig  to  .825. 

BXAMPIJB8. 

1.  The  chord  A  B  measures  120,  and  the  versed  tine 
CE30  inches;  what  is  the  area  of  the  segment  ACB 
in  ale  and  wine  gallonsi,  and  mah  bushels  ?  ' 

By  NoU  2,  under  Rmle Inn:  have  —+30=?^  +  30 

=120+30=150, /fcc«fl«eter  CD/  ihen?^^,2,a€ta. 

Mir  height,  or  auatkni  of  the  versed  tine  divided  by  the 
diameter.  The  Area  Seg.  correeponding  to  this  quotient 
M  .111823/  then  .111823  x  1501^  x=  .111823  x  22500=* 
2516.0175,  the  area  in  square  jnches;  and  2516.01754- 
282=8.922,  the  area  in  ale  gillons;  25l6.0175-«2Sl4 
IO.89I8,  the  area  in  mne  gallons s  aarf 2516.01 75-=-2 150.42 
^l^llf  the  ar^  in  malt  Imshds, 


^.  Thfe  t«nwd  ihie  C£  in  ^^  imd  dil»  itaam»  C  JO  i 
ilN*lM»l  what  14  the>arai of  th«  Mgment  A€B^  in  i 
«tid  vinegtilloi^s? 

Am.  laiSl  9iegMmt,  nnd  19J390  9&iM«e  ^ttlfo 

3.  What  is  the  area  of  the  ii^jttKtit  ADB^  |^r«At 

than  a ,  semiocirdcu  la  ale  and  win^  galloiw^  and    wii 

busWs ;  the  versed  sine  £  D  beuMr.  40,  and  the  diamd 

Am.  7.553  «fc  go^^bftf,  8.976  wifti  galbm,  and  .&& 
waft  hnihda. 


PROBLEM  XVI. 

I 

To  Jind  the  area  of  tm  ellipse^ 

By  the  Pen. 

Divide  the  product  of  the  two  diameters  by  359.05 
294.12,  and  2738;  and  the  respective  quotiefats  wiU  U 
the  area  of  the  ellipse,  in  ale  and  wine  gaUons>  and  mall 
bushels. 

NoU  1.  If  the  two  diameters  of  an  ellipse  and  the  number  .7854  be 
multipled  continually  together,  the  last  product  vidll  be  the  ai^  of  the 
ellipse  in  square  inches. 

2.  If  the  sum  of  the  two  diameters  of  an  ellipse  be  multiplied  by 
1.4T08,  the  product  will  be  the  dmimfetvnce  of  the  ellipse,  ntmrlt/^ 

ff 

tZAMPLSS, 

^  1>.  Required  the  areit  of  the  ellipsd  A  B  C  D,  in  ale  and 
wine  gallotis,  and  malt  bushels ;  the  transverse  diameter 
AB.  measuring  10@.5»  and  the  conjugate  C{>  75.2  in- 
ches. 

c 


,\ 
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lOSLS 
75,2 

2050 
5125 
7175 

Dituor   359-05)7708.00(21.407  dr^Mfci^- 

71810 

52700 
35905 


167950 
143680 

243300 
215430 

278700 
251335 

27365 


Alio,  7708.00 -7-294.12=:  26.206  wme  galbm;  and 
7708.00  -^  2738  =  2.315  woU  imtkeis. 

B^  ike  SUding  Rule. 

As  die  drciilar  divisor  on  A^  is  to  the  tnoMverse  diame- 
ter on  B  ;  so  is  the  coDJagste  diaiiieter  OO'  A,  to  the  area 

onS. 

On  A.        On  B.   On  A.     OnB. 
r  S59,05  }  C  21«47  ak  gallons. 

AsJ  294.12  >  ;  102.5  ; :  75.2  :  2  26.21  ivine  ttalUms. 
(2738.003  I  2.S2  malt  luskeU. 

2.  Suppose  the  fategoiag  figure  to  represent  the  base 
of  an  dliptical  cooler ;  what  is  the  content  in  ale  gallons, 
when  the  depth  of  the  liquor  is  10.8  indies  ? 

Ans.  231.8486  ale  ^allonjt. 

3.  The  transverse  diameter  of  an  elliptical  wine-vat 
measures  85.9,  and  the  conjugate  63,8  inches  j  what  is 
its  area  in  wine  gallons?  An4.  18.638  mne gallons. 


19D  ntACTicAL  o&T]GiKe«  (part  J 

4.  A  maltster  has  an  eli^tkkl  cistern  whose  transv( 
diameter  measures  96.8,  alid  conjugate  73S  inches ; 
quired  the  area  and  content  in  malt  bushels^  when 
depth  of  the  grain  is  34.7  inches. 

Ans.  The  area  is  2.587,  «»^  the  content  89-7689  t 
bushels, 

5,  The  transverse  diameter  of  an  elliptical  guile-t 
measures  96.4,  atid  the  conjugate  82.3  inches ;  requii 
the  area  and  content,  in  ale  gallons^  when  the  depth 
the  liquor  is  53.S  inches. 

Ans.  The  area  is  22,096,  und  the  con/enMl 88.76^8 
gfdUms. 

I 

PROBLEM  XVIL 

To  find  the  area  of  an  tlUptical  segment^  the  base 
which  is  parallel  Po  either  of  the  diameters  of  t 
ellipse,  \ 

RULE. 

,  B^  the  Pen* 

Divide  the  hcoffht  of  the  segment  by  that  diameter  j 
the  ellipse  of  whidx  it  is  a  part,  and  find  the  Area  Se\ 
answering  to  the  quotient,  in  the  fable  at  the  end  i 
Part  IV.  liiultipljr  the  two  diameters  of  the  ellipse  aii 
the  Area  S^,  ihua  found*  continually  together^  and  th 
last  product  wiU  be  the  area  in  square  inches.  1 

Divide  this  area  by  282,  2S1,  and  2150.42^  and  th 
respective  quotients  will  be  t^  arte  in  ale  and  wine  ga) 
lons^  and  malt  buahels. 

Nott.  tt  &e  Mgtaofent  be  greater  than  a  settii-^Itipse,  fi^  the  are 
of  th«  rtmaming  aegmeot,  which  subtract  from  the  at«i  tif  Mie  who)i 
ellipse ;  and  the  remainder  will  be  the  area  of  the  segment  required 
Or,  proceed  as  directed  in  Probiem  XV.|  RiOO  11^,  Note  U. 

EXAMPLCa. 

I 

1.  ttequtred  l^e  area^  in  ale  gallons^  of  the  elliptical 
tegment  A  C  B^  cut  off  by  the  doubte  ordinate  A  B ;  the 
he^ht  G  C  being  36.4,  the  ifiamcter  C  O  of  the  whote 
ellipse  120.8^  and  the  diameter  £  F  Y^.4  inches. 


/ 


(mTIf.y   MENMTKATIOIf  OV  SHIBBFICIKS. 

c 


lai 


^^rc ---— — .301,   the  kiMar  height;    and  the  cor^ 

'ttJWKfi^  Area  Seg.  is  .199085  ;  then  .199085  x  120.8  x 
7^'4:=18is.3298,  the  area  of  the  segmetU  in  square  inches; 

]ffl9  9PQfi 

^-~-—=  6.4302,  the  area  in  ale  gallons. 

i  What  i&  the  area  of  the  segment  A  D  B,  in  wine 
Am;  the  dimensions  beinff  the  same  as  in  the  last  ex-* 
•^mple?  Ans.  23.1181  mine  gallons. 

0.  Required  the  area  in  malt  bushels,  of  the  greater 
^gioent  of  an  ellipse  made  by  a  double  ordinate  parallel 
to  the  conjugate  diameter,  at  the  distance  of  27  inches 
^m  the  centre  of  the  ellipse;  the  diameters  being  180 
^d  120  indies.  Ans.  5.4282  taalt  husheU. 


PROBLEM  XVIII. 

^*^  hi  the  area   of  a  parabola  ^  its  base  and  height 

being  given. 

RULE. 

Bif  the  Pen. 

Multiply  the  base  by  the  height,  and  f  of  the  produiit 
^'ill  be  4e  area  in  square  inches,  which  being  divided  by 
'^2, 231,  and  2150.42,  will  give  the  area  in  ale  and  wine 
?auonsj  and  malt  bushels. 

^^^'  k  parabola  is  a  figure  or  section  formed  by  cutting  a  cone  by 
^  plane  pandlel  to  one  of  it3  slant  sides ;  and  ^veral  paralwlas  may  be 


ISS 
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cut  from  the  nune  oooe,  whidi  will  all  ywry  in  tbdr  bues  and  altitu^ 
aooonling  to  the  dititancp  of  the  cutting  plane  firam  the  paialld  sid< 
the  cone.    (See  the  definitions  in  Fan  V«) 


EXAMPLES. 


1.  What  is  the  area,  in  ale  gallons,  of  the  paralx 
A  BC,  whose  height  D  B  is  54.5,  and  the  base  or  doul 
AC  72.8  inches? 


Hertf  72.8x54.5  x}= 
7935.2 


72.8x54.5x2        39^*6x2 


3  3 

=  2645.0666,    the  area  in    square  inches;    m 


S645.06^  -r  282  s  9-3796,  the  area  in  aie  gaUons. 


By  the  Sliding  Rule, 

As  the  square  divisor  on  A,  is  to  the  perpendiculai*  on 
B ;  so  is  }  of  the  base  on  A,  to  the  area  on  B. 

On  A.         OnB.         On  A.        On  B. 

As29Z     :     54.5     ::     48.5     :    9>SS  iUe  galUms. 

2.  The  absciss  or  height  BD  is  S6.^,  and  the  double 
ordinate  AC  108.6;  what  is  the  area  of  the  piunMi 
A  B  C,  in  wine  gallons  ?  Ans,  1 1.3458  mnegaSoas^ 


.  (auiiv.)   KxiwosAXfON  or  sDncsncai.        18S 


.  Pi(09Lpd  XDL 

Tq  Jiiid  the  ana  tf  comfmmi  Jigtm. 

RtJLE. 

•       »  .  •  # 

,  Bj  the  fbr^goiiig  Problemcs  find  the  areas  of  tbe  8fra« 
ta!  fenres  of  -whidi  the  whole  compooncl  fi^;iilre  is  oonu 
posed;  and  the  sum  of  these  areas  m^  be  the  area  re* 

quirei 

Nek  1.  Mixed  or  compound  iigipici  «M  Mch  at'sro  ooaipoiSd  ef 

zccdlineal  and  curvilinetl  figures  united* 

2.  If.  the  curvilineal  poit  of  the  4gdrs  bo  lnt^i^»-  its  am  mutt 
be  found  by  the  method  described  In  the  next  Problem ;  and  a*  it  io 
aomedmes  difficult  to  determine  the  nature  of  curvesy  It  would  be  ad- 
viable  ahrajs  toSdofit  it  ifa  Piactioe,  when  the  trae  Minm  of  the 
curve  cannot  be  diaooveted. 

.     CZAMPLSS*. 

L  What  is  the  arei^  in  ale  and  wine  g«lIoiis>  of  the 
CQi?[ipoimd  figure  A  S  C  D  £l  F»  comnosed  ^  a  trqwaiiun. 
and  two  circular  segments;  the  chora  A  E  measuring  .75.6, 
and  die  versed  sine  Fa  Q,6;  the  diagonal  £B  136,  tho 
perpcaidicular  Am  64^  and  D n  64.8 ;  the  diord  B  D  92^ 
and  the  versed  sine  C  a  U  inches  2 

,  •  •  • 

E  ;D 


N 


134  •    niACTicAi.  aAO^mo*         (faet  pi) 

^     ^    ,     rrr            r       64+64.8X186         128.8  xlS6 
B^  Prab.  FL,  we  have =  r— - 

=  il^iHsr  8758.4/ /Jie  area  ^  ike  trapezium  A  B  D  E, 
in  tquare  inphes* 


'. .  •      •        t  <  • 


By  Prob.  Xr.,  we  have  75.6x9.6x|c=725.76x|= 
11^1:^=483.84,  two4hird8  qf  the  product  of  the  chord  tmd 

.    .  ^     9.6'^      884*786    ^^^,     st       t     r 

versed  ttne;  and  ye  5    £=  tei  o  ==5.851,   the  cube  (g 

ifie  height  divided  by  twice  the  chord;  ,then^%SM^^*^^ 
is4^9.69ij  the  iirm  6/  the  segment^  dF£,  in  square  in* 
ches. 

Againy  by  the  saf/te  Prob.  we  Aove  9^X14  x  1=1288  x{ 
ssz^^:zS5B.666,  imhtkirds  of  the  product  of  the  chord  and 

^^dne/jand  xj~=^==  14^918,  the  cube  of  the 

height  divided  by  twice  the  chord;  then  858.666+ 14.918s 
878.579,  the  area  qf  the  segment  BC  D,  in  square  inches. 

Now,  87SS.4f  489.6$1  +878.57J)ii IOI21.67;;  the  area 
if  the  wkoie  ^otHpdund  Jgure  in  square  ihthds;  heneSf 
10121.67^-582  ii  851892,  the  area,  in  ale,  gafUms ;  wd 
10I2i;67+231 =48*816,  the  area  in  wine  g^lkms.    ' 

2,  Required  the  area  and  content  in  ale  galltms,  of  t 
cooler  composed  of  a  triangle,  and  a  circular  aegment, 
whose  chord  is  the  longest  side  of.- the  triangle;  the 
versed  sine  of  the  segment  being  26,  the  sides  of  the 
triangle  75,100,  and  125  inches  respectively,  and  the 
d^th  of  the  liquor  8.6  inches  ? 

Ans.  The>area  if  21^8^  and  the  content  19^.57B  sk 
galhns. 
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PR06LEMX£' 

of  any  curo^tneal  ^]pire  iy  iMeaiu  of 
f9Kt-A'«toii<  ordinatei^ 

RULE. 

£^  ^Ae  Pai. 

lU  right  line  A  N  be  divided 

to  any  even  number  of  equal  parts 

C,CE,  EG,  &C.;    and  at  the 

)ints  of  divisicHi  be  erected  per- 

eodicokr  ordinates  A  B,  C  D,  E  F, 

t,  tennmated  by  any  curve  B  D  F, 

^•)  and  if  A  be  put  for  the  aum  of 

e  extreme  or  first  and  kst  ordi- 

^  AB,  N  0;  &  for  the  sum  of  the  even  ddinalee 

^)  OH,  L My  &c ;  viz.  the  aecood,  fourth,  suc0i,  &a, 

'^  ^  for  Ae  sum  of  all  the  rest  £F^  IK^  &c;  via.  the 

jrd,  fiAh^  ^^  or  ||ie  odd  ordinates,  wanting  the  first 

'^  last:  then  the  common  distance  A  C,  or  C  £,  &c.  of 

e  ordmates,  being  multiplied  by  the  sum  arising  from. 

e  addition  of  A,  S>ar  times.  B,  and  twp  times  C :  one* 

»d  of  the  product  wili  be  the  area  A  B  O  N,  in  square 

^,  very  nearly;  that  is,  ^^ii!?i?^  X  Ds=  the  area, 

0  1 

ittii]g  Dc A  C,  the  common  distance  of  the  ordinates. 

^^otc  The  imgoiiig  Rule  being  expressed  in  Algebnic  tennt,  is 
(^ompeifiectiycQmprdienfiBdbjieaniara;  but  wben  it  is  sbnpUfied 
^efottowiog  manner,  it  may  be  easily  undenMood  and  oommitted  to 


.'• 


fiULE.  . 

• 

To  the  snm  6t  ib^  l^xtreme,  or  first  and  last  ordinates, 
^d  four  times  A^  mm  of  all  the  even  ordihales,  and 
'ice  the  smn  of  all  the  odci  ordinates,  not  including  the 
St  and  last;  midtiply  this  sum  by  ^  of  die  common  distance 
^e  ordinates,  and  the  product  will  be  the  area  in  square 
ches.  Divide  thtsiaiea  bydSd,  251,  and  2150.42,  and 

N2 
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the  respective  quotients  will  be  the  area  in  ale  and 
gallons^  and  malt  budiela* 

Ii^ote  1.  If  the  common  distance  of  the  ordinates  will  not  divide 
Sft  multiply  by  thatdntanoe,  divide  the  pniduct  by  9»  flnd  the  quoi 
vrill  be  the  area  in  square  inches. 

2.  The  length  of  tiie  base,  line  must  be  ascertained  before 
b^in  to  measure  the  oidinatei,  in  order  that  you  may  divide  it  into 
even  number  of  equal  parts;  and  it  is  evident  that  you  will  det4 
the  area  most  correctly  when  you  use  the  greatest  number  of  oi 
nates. 

3.  If  the  figure  whose  area  is  required  be  elliptica],  the  ordinal 
must  be  taken  perpendJciilariy'  to  .the  transverse  dftuneter$   and 
areas  of  the  two  segments  cut  oif  by  the  extreme  ordinates  may 
found  by  Problem  XVII.    If,  however,  the  segments  be  small,  it 
be  more  easy,  and  correct  enough  for  general  praeUcCs  to  conadef  th< 
as  parabolas;    consequently  thfeir  areas  must   be    found   by    Pi 

xvni. 

Or,  if  the  heights  of  the  segments  be  equal  to  each  other,  multi] 
the  sum  of  the  extreme  ordinates  by  the  sum  of  the  heights  of 
segments,  and  ^  of  the  product  will  be  the  area  of  both  segment 
fieaWy.  To  the  area  thus  found,  add  the  area  of  that  port  of  tl 
igiire  ineasured  by  equi-distant  ordinates;  and  the  sum  will  be  tb^ 
whole  area  in  square  uiche8»  whicb  must  be  divided  by  the  proper 
divisors  as  before  directed. 

.  4v  If  the  area  of  any  figure  resembling  a  parabola,  the  ^^rment  (A 
a  circle,  or  the  segment  of  an  ellipse  be  required,  and  it  cannot  be 
determined  to  whkh  of  these  denominations  it  belongs,  divide  the  base 
6t  chord>line  into  an  even  number  of  equal  parts ;  and  measure  ordi- 
nates from  the  base  to  the  curve.  In  this  case,  the  first  and  last 
ovdmates  will  be  nothing;  but  notwithstanding  this,  the  Rule  for  equi- 
distant ordinates  will  give  the  aijea  of  the  figure  extremely  near  the 
truth ;  and  \i  thems  be  an  ordinate  at  oa^  end  of  «he  base,  anijl  none  at 
the  other,  the  Rule  may  still  be  applied  with  suoctes.  (See'  Ex.  3.) 


SCHOLIUM. 

The  method  of  finding  the  areas  of  curvOineai  figoate&l 
by  means  of  equi-distant  ordinates^  was  first  demonstrated 
by  the  illustrioiis  Sir  Isaac  Newton. 

Mr.  Bolxiart  ShirtcUffe^  in  his  Theoiy  and  Practice  of 
Gauging*  appears  to  have  been  the  first  who  applied  it  ta 
findmg  the  areas  of  cnrvilineal  vessels  used  oy  brewers, 
djstillers,  &C ;  and  after  him  Mr.  Samuel  Fairer,  in  the 
Appendix  to  Overley's  Gaucinff,  Their  Bules,  however^ 
were  extremely  tedious;  and>  tHough  true  to  demonstra* 
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were  not  general,  but  partieiikr,  aooocding  to  the 
number  of  ordinates  used. 

To  obviate  this  inoonvenieneey  the  general  rule,  given 

in  this  Problem^  was  deduced  iroak  Simpson's  Dissert*- 

tion8,page  109^  by  Mr.  Thomas  Moss;  and  demonstrated 

iniugntliiable  Treatise  of  Gau^^ng,  page  235. 

Dr.  Hutton^  in  his  Mensuratioii,  Proposition  I.,  Section 

II,  Part  lV,y  baa  also'  givea  an  ie^gant  demonstration  of 

the  game  Role;    and  adds,  in  a  Corollary,  that  it  will 

obtain  for  the  ccmtents  of  sU  solids^  by  using  the  areas  of 

the  sections  porpendicnlar  to  the  axe>  inst^  of  the  or« 

dlnates. 

The  Doctor  particolarly  recommends  it  to  the  notice  of 
hadicd  Gangers,  as  being  the  best  approximation  that 
^  jet  been,  or  perhaps  ever  can  be  given ;  for  by 
takiQg  an  indefinite  number  of  ordinates,  or  sections,  the 
^eas,  or  contents  of  irregular  figures  may  be  obtained  to 
^7  degree  of  accuracy. 

Now  as  the  bases  of  Distillers'  wash-backs.  Brewers' 
coolers,  '&c.  &c.  are  sometimes  greater  and  sometimes. 
tess  than  true  ellipses,  it  becomes  absolutely  necessary  to 
find  the  area^  of  all  such  vessels  hy  the  method  of  £qui« 
distant  Ordinates,  otherwise  the  Trader  or  the  Revenue 
n^ay  be  materially  injured.  Of  this  it  appears  thiit  the 
Honourable  Commissioners  of  the  Board  of  Excise  were 
lully  convinced  ;  «s  they,  in  a  General  Letter,  dated  July 
^775,  issued  an  order  to  that  efieet 

This  order  was  again  repeated,  on  the  Srd  of  February, 
1818,  in  another  General  Letter,  which  also  contains 
^me  observations  relating  to  the  qualifications  and  ma* 
tliematical  knowledge  of  OScers  of  the  Excise. 

UUMPLKS. 
ftXAH.  1« 

What  is  the  area  of  the  curved  figure  A  B  C  D,  in  ale 
and  wise  gallons,  and  ttak  bushels ;  the  lengths  of  five 
equidistant  ordinates  being  as  follow;  viz.  the  firs^.or 
A  D  =5  40,  the  second  =s  £0,  die  third  =  QO,  the  fourth 
=  70,  and  the  fifth  or  Ust  hCss15;  aiid  the  length 
^thebaseABs:  ISO  inchest 


19$ 
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jEf^e  4iO+75zsll5,  the  sum  ofikeJirM  and  last  ard\ 
fUUes;  50+70X  4>ac  1 20  X  4=5480,  ^/iwr  Hmet  the  sum  € 
the  even  w^difuUet;  60x2:sl20,  twice  tkesmn  ef  the  od 
ordinatesj  and  120-^-4^30,  the  common  distance  of  tti 
ordinates;  then  115  +  480  4- 120  x  10  (one-^ihird  cf  ih 
eommon  distance)  =715  x  10=7150,  the  area  in  square  ik 
ches;  hence  7150-r-382=:25.354,  the  area  in  ale  gallons 
7150-r231s:30.g52,  the  area  in  winegalkms;  and  7150^ 
S150.42=:3»324,  the  area  vi  wait  bushels. 

%  EXAM.  2. 

If  the  foregoing  figure  represent  the  base  of  a  cooler , 
VfhsX.  is  its  content  in  ale  gallons,  when  the  depth  of  th( 
liquor  is  12.6  inches  ? 

Here  25.3^4 x  l^f6=319*4604  ak  gallons,  the  answer  re* 
quired* 


EXAM,  3*. 


•> 


Required  the  area  of  the  curviHneal  figure  A  B  C  D  Aj 
in  ale  and  wkie  mllons;  the  base  AC  being  95.S,  the 
ordinate  m  m  15J9,  B  D  22.3,  and  n  n  17^4  inches. 

D 


(See  Note  4iO 

Here  the  sum  of  the  extreme  ordinates  =0;  and  15.9-}- 
J7.4X  4=33.3x4  =  133.2,  four  times  the  sum  of  the  even 
ordinates  ;  also  22.3  X  2 = 44i6,  tn;ice  th^  sum  of  the  odd  ordi^ 
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nates;  ow/ 95.2-r4=23,8,  the  common  Hitanee  qf  the  or* 
dinnieSf  whidi  wlU  not  dhfide  &y  3,  {See  Note  1. :)  them 

s = 5 =~V"  ==  i^i^-^^C* 

Ih main  square  inches;  and  Ul0.5A&^^S2ss5J00l,  the 
mkide  gaUoMi  and  1410.54&i*S^l  =6.106,  the  htm 

«VaS&  It  is  evident  that  the  figures  A  •!  ■!>  Md  C  «  k»  are  greater  than 
^'iaogits;  asdthat  the  figures  B  m«iD,  and  Bit  ft  D,  are  greater  than 
i^apezoids;  but  if  we  consider  them  as  triangles  and  trapetoids^  and 
N  their  areas  by  Problems  IV.  and  VII.,  we  hence  obtain  the  area 
f  the  whole  figuie  A  B  C  D  A  s  1323.28  square  faiches,  which  is 
f\M  squate  inches  less  than  the  area  found  by  equi-distant  ordi- 
uates. 

A^ain,  h  is  evident,  from, the  dimensions,  that  the  figure  A  BC  D  A 
c^'^xbeaporabcda;  but  by  inspection,  it  appears  that  the  nature  of 
'a<?  nsre  approaches  very  nearly  to  that  figure.  Now,  if  we  consider  it 
o^iparabola,  and  find  its  area  by  Problem  XVIIL,  we  obtain  14U..^)6 
^^re  inches,  which  area  is  only  4.86  square  inches  more  than  that  ob. 
^iod  i^  equi-distant  ordinates. 

"Hiese  obkrvatioDS  tend  to  jnrove  that  the  Rule  for  equl>distant  ordi* 
>ates  will  aln-ays  give  nearly  the  true  area,  whatever  be  the  shape  of 
lie  figure. 

KXAM.  4, 

Let  the  following  figure  represent  the  base  of  an  ellip* 
ical vessel;  it  is  required  to  take  the  dimensions,  an4 
'nd  the  area  in  ale  and  wine  gallonsj  and  malt  bushels,     , 


1 


X 


TO  TAKE  THE  DIMENSIONS^ 

By  Prob,  XXIX.,  Part  III.^  find  the  centre  of  the 
vessel,  and  also  the  trfoasverse  and  conjugate  diameters 
A  Cy  and  B  D,  which  must  be  sttoek  with  si  chalk^Iine. 

At  a  convenient  distance  firoin  A  C,  by  Prob«  III., 
make  the  two  parallel  lines  m  n,  m  n. 

Take  the  common  distance  in  the  compasses,  and  set 
it  from  6  to  7,  from  7  to  8,  &c. ;  also,  from  6  to  5>  from 
5  to  4,  &c. ;  and  likewise  both  ways  from  a  to  c,  from  c 
to  e,  &c* 

Through  the  three  points  xlx,  s2s,rSr,  &c.  with  « 
chalk-line,  strike  the  ordinates,  or  rather  double  ordinates, 
E  1  E,  F  2  F,  G  S  G,  &c.  &c.  until  you  have  finished  die 
whole ;  the  lengths  a£  which  may  then  be  taken,  in  inches 
and  tenths,  wiu  the  dimension-cane,  and  other  proper  in* 
stniments. 

Or,  the  common  distance  may  be  set  off  in  the  fiillow* 
ing  manner,  without  the  compasses :  let  your  assistant 
hmd  the  end  of  the  tape  at  6,  (the  centre  of  the  vessel,) 
and  suppose  the  common  distance  of  the  double  ordinates 
to  be  12  inches;  then  with  a  thin  piece  of  chalky  make 
inarks  upon  tlie  bottom  of  the.  cooler,  both  ways,  from 
the  centre,  at  the  distance  of  12,  at  24,  at  36  inches,  &c. 
-from  the  end  of  the  tape ;  and  you  will  thus  determine 
the  points,  7,  8,  9,  &c.  and  also  the  points  5,  4,  3,  &c. 
Dotnejsame  upon  the  two  parallel  lines  mn;  .and  then 
strike  the  double  ordinates  as  before  directed. 

Note  I. ,  As  the  operation  of  finding  the  centre  of  an  elUptical  veatd, 
and  drawing  the  diuneteis  by  Prob.  XXIX.,  Part  III.,  ia  rather  tedi- 
ous, it  is  seldom  followed  in  Plractical  Gauging.  The  general  method 
is  to  let  an  assistant  hold  one  end  of  the  tape  at  A,  and  by  rep«ated 
trials  to  find  the  longest  diameter  A  C,  which  must  then  be  struck  with 
a  chalk-Une.  By  the  same  method  the  conjugate  diameter  BD,  is 
determined,  which  will  always  be  the  longest  that  can  be  found  ^vitbia 
'  the  vessel,  perpendicular  to  A  C. 

t«  In  the  practice  of  Gai^g,  the  method  described  in  the  last 
Kote,  has  a  decided  advantage  over  that  given  in  Pirob.  XXIX.«  Ita 
IU« ;  for  it  is  frequently  found  in  taking  the  dimensaons  of  an  oval 
utensil,  that  the  conjugate  diameter  does  not  intersect  the  transvene 
in  the  centre  of  the  vessel.  This  will  always  be  the  case  when  the 
vessel  is  made  in  an  irrcgular  manner. 

3.  When  the  transverse  and  coijugate  diameters  of  the  base  of 
iKioval  vesKl  aredrawn,  the  vessel  is  said,  by  Gaugecs,  to  be  qupiteted* 
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DtmeHsions  of  iheforegoing  Figure. 

Inches* 

Transrene diameter  AC « S  IS8 

Coi^ogite  diameter  BD s  85.5 

ConunoD  distance  of  tlie  ordinates =:  18 

Eei^t  of  each  segikient  cut  off  by  die  ex«l  i^  . 

time  ordinates • j  ** 

Ordinatcf. 

Inches. 

1.  EE     ss  29.75 

2.  FF   ss  56.55 

3.  GG  2S  70.69 

4.  HH =r  79.26 

5.  II     s  83.98 

'6.  BD  s  85.50 

7.  KK  s     88.98 

8.  LL.  ss     79.26 

9.  MM  =     70.69 

10.  NN »     56.55 

11.  PP   =:    29.75 

To  FIND  THE  AbcA  OF  THE  FlOtJRE  £  B  P  P  D  E. 

{See  the  Rule.) 

Inches, 

First  ordinate  ••« 29.75 

LastdUio  29.75 

Sum   •••••, • 59.50 

Even  Ordinates.. 

Inches, 

Second •••••  56.55 

FouHh ; 79.26 

Sieth 85.50 

Eighth 79.26 

Tenth 56.55 

Sum 357.1^ 

Multiply  by    ••• • • 4 

Four  times  the  sum  ............     1428.48 


IM  n.ACTICA]t   GAVGINO.        -      (FAILT  IV.) 

Odd  Ordinaies. 

Inches, 

Third 70^9 

Ftjfih    , 85.^8 

Severdh.,.., • 83.98 

^  Ninth  ..,.. 70.69 

Sum   ,,.,.,. ..•,... 309.34 

Multiply  hy    9 

Twice  the  sum   •*.... 618.68 

Sum  of  the  first  and  last  ordinates 59.50 

Four  times  the  sum  of  the  even  ordinates  1428.48 

Twice  the  sum  of  the  odd  ordinaies    6I8.68 

Sumtotal ,...,„ ,... ,...  2106.66 

Multipfy  byiqfl^  (the  Qommon  distance)  4 

Area  of  the  Jigure  E  B P P  D E 8426.64 

....  ■  I  ■  ■  ■  ■ 

To   FIND    THEAR£A    OF  THE  TWO  SEGMENTS  EAEaND 

PCP. 

{See  Note  3  J  Inches. 

Sum  ^  the  two  extreme  ordinates 59.5 

MuUipfy  by  the  sum  of  their  distance  from  the  curve     8 

Dimde  the  product  by S)476.cr 

Area  of  the  s^ments  EAEand  PCP  "l58.66 

Arearf thefigure E B P P D E 8426.64 

Area  of  the  whok  ellipse  A  BCD,  insquare  indies    8585.30 

Sg,  inches. 
Divisor  282)8585.300(30!444  ale  gallons. 
846 

.....     1^53    . 
.1128 

1250 
112a 

J220 
1128 

99 


(pAiT  nr.)    MxmirmATiaN  ov  svpssncisf .         141 

AUfor  831)8585.300(974^  wme  gaUm$. 

1655 
1617 


888 
831 

1520 
1386 

1340 
1155 

185 


Sq.  inches* 
Dhiaor  21 50.42)8585.300(^992  nuJt  huMs. 

645126 

2134040 
1935378 


1986620 
1935373 


512420 
430084 

$28S6 

■  I 

■Voi^  The  Bgact  telonging  to  the  last  example  U  «  tnt  eU^iee ; 
tfae  iengths  of  the  ordinates  having  been  found  bj  Ptob.  I.,  Pint  VII., 
if  Ka^nVa  Mensuration. 

Its  true  area  obtained  b^  Piob.  XVI.,  Part  IV.,  of  thifl  Work, 
1  30.480  ale  gallons.  Tliis  exceeds  tfae  area  found  by  equi-dbtaat 
vdioatte  no  mote  than  .036  of  a  gallon,  which  proves  the  appraxipM* 
ioo,  by  equi-diatant  ordinates,  to  be  very  near  the  truth ;  and  if  die 
ndinatea  bad  been  taken  at  the  distance  of  six  inches  ftam  eash  othcTr 
i«cead  of  twelve,  the  diArence  would  have  been  stflllesfc 


BXAM  •  5. 

Required  the  area  in  ale  giLQons>  of  the  eiir?i]ioetl 
pire  A  B  C  D^  from  the  follo^wing  dhnennons  i  namely, 
e  transverse  diameter  AC  tueasrure^l 56  inches;  the 
knjugate  diameter  B  D;  which  fUls  4  inches  hm  tbe 
iddledf'the  transverse,  112  inches;  thd  he%fat  A  Mi  of 
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the  segment  E  A  E«  4  inches ;  tile  height  C  r,  of  the  se^-< 
ment.  S  C  3^  9  inches ;  the  common  distance  of  tbe  oth 
dinates  1£  inches;  and  the  ordinates  themselves  as 
low: 

Ordinaies, 

Inches. 


1.  EE 

ss 

34.8 

2.  FF 

^^ 

66.8 

3.  GG 

s 

84.0 

4.  HH 

■■=: 

95.2, 

5.  II 

SS 

104.8 

6.  KK 

'  = 

110.0 

7.  BD 

— 

112.0 

8.  LL 

^^ 

110.4 

9.  MM 

s- 

106.2 

10.  N  N 

s 

97.6 

11.  PP 

— ' 

84.6 

12.  RR 

s 

69.8 

IS.  SS 

25 

48.8 

,     .     ^      K      B      L     M 

_  *  J  .    •    .       » 

To  CQfistrucl  ihejfigurejrom ,  the/oregomg ,  dinfensions. 
By -.any  convenient  scale  of  ^qual  parts^  dra^w  toe  con* 
j«ljptsedifimetarBD;?^;i^^>  ^4  hif^  it  pmi^iidicul^rlj 
mtlv  the  jXiMrecae  c^«»eter  A  G>  drfiwn  «t  jueMuve. 
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ab  the  oanfaian  dbttfiee  12,  ni  jour  oonnMMe^  kad 

it  off  upon  tke  diamftfr  A  C^  fieiom«  to  m,  mm  a  to«^ 

six  times,  both  ways,  to  r  and  n ;  and  yoa  will  have 

plioes  of  all  the  «»dniate9. 

^t  off4  firom  »  to  A,  «id8fiNmi  r  toC;  aadym 

have  the  tnuasvoaa  diameter  AC,  whidi  will  mea* 

156  inches,  if  die  f^fnSoia  opeiaftiaiis  have  been  aooo* 

fperfomed. 

rjild  to  the  ooojii|^  diameter  B  D,  and  ibtaoA 

loints  a,  c,  e,  &&    with  a  parallet*uler,  draw  all  & 

lates  at  pleasure. 

«n  the  noint  n^aetcff  both  ways  to  E,  17.4^  half  of 

irst  oramate;   alaojc  firom  a,   set  off  bodi  ways  to 

3.4,  half  of  the  second  ordinate  ;  and  thus  proceed 

you  have  determined  the  extreme  points  of  all  the 

^tes,  through  which,  with  a  steady  haoidf  describe  the 

inferenoe  of  the  fSgorep  ' 

Tojvnii  the  Area* 

re  34.84-48.8^85.6,  the  sum  qf  the  extreme  crdU 
;  (66.8  +  95.2  +  110.  + 1 10.4 +97.6+ 69.8)  X  4  a 
X  4:=2ig9.2^  jiur  times  the  sum  cf  dU  the  even  ordU 

a«rf(84.0+104.8+112.0+106^+84.6Jx  2=491.6 

983.2,  twice  the  sum  qf  aU  ike  odd  ordinaies  /  then 

f  2199-2+988.2)  X  4=3266  x  4=15064^  the  area  qf 

wEBSSBE. 

Prob.  XVIIL,  we  have  84.8  x  4=189.2,  the  product 

hast  and  height  qf  the  segment  E  A  E;  and  48.8x  8 

.4,  the  product  of  the  base  and  height  qf  the  segment 

-=358.066,  the  area  qf  MA  the  segments. 

V,  18064.0+358.066=  18417.06^  ^«9>¥>fv  tacAei^  the 
fthe  curviBneal  jligure  A  )3  C  D  ;  and  18417,Q6(STr 
47.578  ale  gaUons^Jhe  area  required. 

»•  < 
Remark* 

\  area  df  the  fomNHng  figure,  foand  by  the  IMe 
le  ellipse,  Prob.  XVL,  is  48.661  ale  ydldnsb    TUs 


f0  l.Q^^gdkm  mate  AaH  tiietete  foaad  fcf  wuiMteto 
«rdibatn,  Vjiidi  cluyirA  tihtf.  %lm  to  iie  Ion  thAti  a  tiN 
#Uipse.  j 

Now,  if  we  supi>ose  the  %ilre'tD  WfUPeMit  ike  tefee 
mfpjBn^t>9tho9e'M0S'm  md  die  4m 

^  die  lifaolr  S6  indies,  and  tiie  net  fe«nd  w  an  ellip^ 
«f«  iisve  1.088  K-d6ijsd&968'  die  gallons,  ^Ae  ^uttikity  I 
^  liquor  for  which  the  trader  will  be  unduly  olMged'^ratj 
fti  oonsequence  oF  not  tinding  the  «fea  «f  Ihe  vetiBiA  h 
t^Udistrnxt  ordibatea. 

^  -     '  £XAM»  6. 

I!t6q;uirei  thekrea  of  a  curvilineal  vessel,  in  ale 
Wiite  gallons ;  t!h6  transverse  diaiheter  being  174.6  inchi 
i)ie  coxy ii'gate^ diameter  iW.^  inches,  the  versed  sine 
esifih  ^eAb'em  S.3  inches,  the  common  distance  of  15  _ 
]()A^dicmar  <irdinat6d  12teidles,  and  the.ordinates  th' 
selves  as  below :     . 

Ordinates.  . 

Inches. 

«.      e=     .72.4 

3.  as      ^^6 

4.  «      99iO 

5.  =a  ^Ofi.8  I 

6.  =:  104.« 

7.  =  105.JJ        '  '  I 
«•  OB  106.4 

'\                          9.    is  105.8 

.'      '                           10.     s:  104*5                        >. 

11.     =  102.7 

-     ;      ».    ^      99.2!  ' 

IS.     =s  88.7 

iJk  -  Oik  <i9L^    '  • 

15.     =  .  35.S 

'  y  Mk  'tim  «Hlo  is  55.7$^  a1^  ga^otss^-eMi'Qi.O^  mn 

The  area  found  by  the,Rule.for  the  ellipse^  Prob.  XVL 
is  51.740  ale  gallons^  and  68.162  wine  Dillons,  which  ii 
•M  than  the  true 'wea*  by  8^989  ale  g£&>nfe|,  and  4.86^ 
^fdne  gaUdnSk 


/' 


ST  I?.)  MXNOTftAVKm  «p  0Offaa#icix8.         MV 

jw,  if  we  snppoee  tile  igare  to  represent  die  tee  of 
ler^  and  let  the  depth  <»  the  liqnor  be  8  hicbei^  we 
5.985X  8  =r  3 1.88  ale  gallons,  the  quantity  of  liquor 
^hjch  DO  duty  wUl  be ,  charged^  if  the  area  of  the 
'  be  found  by  the  Rule  for  the  ellipee,  and  the  du^f 
imated  from  the  gauge  thus  <A>tained.  And  this  wifi 
tppen  once  only,  but  every  brewing,  if  the  cooler  be 
)7  this  method,  in  the  Officer^s  Dimension  Book* 
duj  if  we  suppose  the  figure  to  represent  the  base  of 
tiller's  Wash  Back,  whose  sides  are  perpendicular^ 
edepfthof  the  Uqiior  36wfihm%  m^  have4,867x 
'5.212  wine  gnllons,  the  quantity  of  liquor  for 
no  doty  wilt  be  charged,  if  the  area  of  the  iFenel 
nd  by  the  Rule  for  the  ellipse ;  hence  it  appears 
e  revenue^  or  the  trader,  may  be  greatW^  iniuredi  if 
s  do  not  gauge  and  fix  all  oval  vessels  wnidi  are 
e  ellipses,  by  the  method  of  equi-distant  ordinates. 
le  last  remark;  and  also  Problem  XXX.,  Part  III., 
a  method  is  given  to  determine  whether  an  oral 
3egreater  or  less  than  a  true  ellipse.) 

kired  the  area  of  a  curvilineal  vessel^  in  ale  aM 
aliens,  and  mak  bushels ;  the  transverse  djameter 
22  inches*  the  conjugate  diameter  71  inchet^  the 
sine  e€  each  segment  5  inches;,  the  c^auQoa  c|is» 
f  9  penNendicular  «rdiiN|tes  14  ind^es^  ai^d  tbr  ^r* 
theiQselvefi  aa  below : 

Ordinates, 
Jhtches. 

I.      =r      51.2 

SJ.     :?=     50.8 

S.     ==     62.0  * 

4.    =1    6$.2     • 

71.0 

68.a 
7.    ==    63.0 

a   =   ^.6    '  *  *  • 

The  area  is  £4.155  ak  g(Mohs^  29.485  irtiie  guU 
i  3A67  maU  bushels/ 

The  area,  found  fay  the  Bule for  the  dfipse^Pzob.  XVI.> is 

02 


1-: 


^48 


mAcrncAi.  gaiwckg.        (£aktii 


t4hl2l  ale  gallons.  ^This  dilRsim&oni  the  area  fiMiod  by  «qu 
ordinates,  only  .033  ^f  a  g^n,  which  shows  the  Sg;axe  to  be 
/rtt«  ellipse. 


'1 


TABLE 

OF  THC 

Areas  of  the  Se^menU  of  a  Circle^ 

Whose  Diameter  is  Unity,  and  supposed  to  be  divided  into 

1000  equal  Parts. 


* 

1 

Area 

SEGMENT. 

* 

.023 

Area 

SEGMENT. 

1 

.045 

Area 

SEGMENT. 

.001 

.000042 

.004618 

.012554 

.002 

.odbng 

.024 

.004921 

.046 

.012971 

.003 

.(XX)219 

.025 

.005230 

.047 

.013992 

.004 

.000337 

.026 

.005546 

.048 

.013818 

.005 

.000470 

.027 

.005867 

.049 

.014247 

.006 

.000618 

.028 

.00619* 

.050 

.014681 

.007 

.000779 

.029 

.006527 

.051 

.015119 

.008 

.000951 

.030 

.006865 

.052 

.015561 

.009 

.001135 

.031 

.007209 

.053 

.016007 

.010 

.001329 

.032 

.007558 

.054 

.016457 

.011 

.001533 

.0*33 

,007913 

.055 

.01691 1 

.012 

.001746 

.034 

,008273 

.056 

.017369 

.013 

.001968 

.035 

.008638 

.057 

.017831 

.014 

.002199 

.036 

,009008 

.058 

.018296 

.015 

.002438 

.037 

.009383 

.059 

.018766 

.016 

.002685 

.039 

.009763 

.060 

.019S89 

.017 

.002940 

039 

.010148 

.061 

.019716 

.018 

.003202 

.040 

.010537 

.062 

.020196 

.019 

.003471 

.041 

.010931 

.063 

.020680 

,020 

.003748 

.042 

.011330 

.064 

.021168 

.021 

.004031 

.043 

.011734 

.065 

.021659 

•022 

.004322 

.044 

.012142 

.066 

X)22154 

7ie  Jrea9  of  ike  SegwienU  of  a  Circle^ 


• 

Area 

«£0XB1IT. 

1 

- 

Area.    1   ^ 
•SOVEVT.     |£ 

Area 

HOMEHT. 

'^ 

.022652 

.100 

.04Q875  1.1 33 

.062026 

68 

msi^k 

aoi 

.041476  1.184 

.062707 

^9 

mS659 

.102 

.012060  1.185 

J06SSS9 

70 

.024168 

•108 

iH2687  1 .186 

.064074 

71 

.024680 

.104 

i>48296  -{ .187 

.064760 

72 

.025195 

.105 

/)48908  fi  .188 

•065449 

73 

.025714 

.106 

J044522  1 .189 

.066140 

74 

.026286 

.107 

/M5189  1.140 

.06683$ 

rs 

^6761 

.108 

.045759  1 .141 

.067528 

i6 

.027289 

.109 

.046881  1.142 

4)68225    i 

1    / 

.027821 

.110 

.047005 

.148 

.068924  |i 

'8 

.028356 

.111 

.047682 

.144 

.0696^5 

•9 

*Q28894 

•112 

XM8262 

.145 

.070328 

10 

.029485 

.11^ 

XM8894 

.146 

4)71038 

11 

•029979. 

.114 

.049528 

.147 

4171741 

1'^ 

i)S05fl6 

,115 

M0t66 

.148 

4)72450 

'3 

.081076 

.116 

.050804  1.149 
X151446|.150 
XI5209O  V.151 

4)73161 

4 

081039 

•117 

4)78874 

0 

.089186 

.118 

.074589 

6 

.082745 

.119 

.052780 

.152 

.075306 

i 

.088307 

.120 

4}593SS 

.158 

.076026 

8 

.083872 

.121 

.054086 

.154 

.076747 

9 

.084441 

.122 

.05468(9 

.U5 

.077469   ' 

) 

.085011 

.128 

J055S4S 

.156 

4)78194 

I 

.0355^5 

.124 

.056005 

.isr 

.078921 

.08616^ 

.125 

.056668 

.158 

.079649 

J 

.086741 

.126 

.057326 

.159 

4)80380 

fc 

.037823 

.127 

M7991 

.160 

.081112 

5 

.037909 

.128 

.058658 

.161 

.081846   , 

) 

.038496 

.129 

.059327 

.162 

.082582 

7 

,039087 

.180 

^59999  1 .163 

•.088320 

^ 

.039680 

.181 

U)60672  1 .164 

i  .0840591 

)  1 .040276  1 

.182    .061848  fl  .165  )  X)8480l^ 

Q3 


ISO 


TftAorricA^.  a^iroffiits^. 


^MMTXJ.) 


Tike  Areas  of  the  Segments  of  a  Circle. 


$5^ 


.166 

.167 
.168 
.169 
;170 
.171 
•172 
.173 

.174^ 
.175 
.1^6 
.177 
.178 

.179 
,180 

•181 
.182 
•183 
.184 


.185 
.186 

487 
•188 

.lap 

.190 
.191 
.192 
.193 

494 
495 

.196 
.197 


Ateor 

SEGMENT. 

1 

_ 

.085544 

.086289 
.087036 
•087785 
.088535 

.089287 
.090041 

.0907971 
.091554 
.092313 

.093074 
.093836* 
.094601 
.09536a 
.096134 
.096903 
.097674 

.098447 
.099221 


SEGMENT. 


mtm 


.099997 
.106774 
401553 
.102334 
403116 
403900 
.104685 
.105472 
.106261 
.107051 
.107842 
.108636 
.109430 


498 

.199 
.200 

.201 
.202 
.203 
.204 
.205 
.206 

.207 
.208 

1-209 
.210 
.211 
.212 
.213 
.214 
.215 
.216 

.217 
.218 

.219 
.220 
.221 
.222 
.223 
.224 
.225 
.226 
.227 
.228 
.229 


I 


410226 
411024 
.111823 
412624 
413426 
.114230 
415035 
.115842 
416650 
.117460 
.118271 
419083. 

.119897 
.120712 

.121529 
.122347 
.123167 
423988 
.124810 
.125634 

.126459 
427285 
.128113 
.128942 
.129773 
.130605 
431438 
432272 
433108 
433945 
,134784 
.135324 


Area 

SEGMENT. 


.230 
.231 
.282 
.233 
.234 
.235 
.236 

.237 
.238 

.239 

.240 

«241 

.242 

.243 

.244 

.245 

.246 

.247 

.248 

.249 
.250 
.251. 
.252 
.253 
.254 
.255 

.2;56 

.257 
.258 

.259 
.260 
.261 


.136465 
.137307 
.138150 
.138995 
.139841 
.140688^ 
.1*1537 
.142387 
.143238 
444091 
.144944 

.145799 
.146655 
.147512 

.148371 
.140230 

.150091 
.150953 
451816 
452680 
.153546 
.154412 
.155280 

.156149 
.157019 
.157890 
458762 
.159636 
.160510 

.1613^ 
.162263 
463140 


fat  IT.)     HXNIUmATSOW  OV  SUnB9ICXXi*  JSl 


lU  ArtoM  iff  tkeSegmmiU  of  a  CireU 


I 


Area 

8KSMENT. 


'I 


^62 
.263 
.264 
.265 
.266 

.267 
.268 
.269 
.270 

.271 
.272 
.273 
.274 
.275 
.276 

.277 
.278 

.279 
.280 
1.281 
.282 
.283 
^84 
.285 
.286 
587 
.288 
.289 

.290 
591 
.292 
'293 


64019 

64899 
65780 
66663 
67546 
68430 
69315 
70S02 

71089 
71978 

72867 
73758 

74649 
7554fi 

76435 
77330 
78^25 

79122 
8OOI9 

8O9I8 

81817 
82718 

83619 
84521 
85425 

86329 
87234 
88140 

89047 
89955 
90864 
91775 


^294 
J295 
A96 

497 
.298 

.299 
.300 
.301 
.302 
.303 
.304 
.305 
.306 
.307 
.308 
.309 
^10 
.311 
.312 
.313 
.314 
.315 
.316 

-317 
.318 

.319 
.320 
.321 
.322 
.323 
.324 
.325 


Area 

8C«MSNT. 


:|>   I    Area 

s5 


•COlkEHT. 


.192684 
.193596 
•194509 
.195422 
.196337 
.197252 
.198168 
.199085 
.200003 
.200922 
.201841 
.202761 
.203683 
.204605 

.205527 
.206451 
.207376 
.208301 

.209227 
.210154 
.211082 
.212011 
.212940 
.213871 
.214802 
.215733 
.216666 

.217599 
.218533 
.219468 
.220404 
.221340 


.326 

.327 
.328 

.329 
.330 
.331 
.832 
.333 
.334 
.835 
S36 

.337 
.338 

.339 
.340 
.341 
.342 
.343 
.344 
.345 
.346 
.347 
.348 
.349 
.350 
.351 
.352 
.353 
.354 
.355 
.356 
.357 


.222277 
.223215 
.224154 
.225093 
.226033 
Ji26974 
.227915 
.228858 
.229801 
.230745 
.231689 
.232634 
•233580 
.234526 
.235473 
.236421 

.237369 
.238318 
.239268 
.240218 
.2411^ 
.242121 
.243074 
.244026 
.244980 
.245934 
.246889 
.247845 
.248801 

•249737 
.250715 
.251673 


isa 


FEACTICAt  GAVOIKO^  (pART  IV.) 


The  Ar€a9  of  the  Segmtnta  of  a  dnte^ 


■  f 

m 

Area 

ftSOMENT. 

* 

Area        % 

SBOMENT.ff    ^. 

« 

Area 

.S59 

,252631 

•390 

>  .283592 

.422 

.315016. 

.359 

.253590 

•391 

.284568 

.423 

.316004 

.960 

.254550 

•392 

.285544 

.424 

.316992 

.361 

.255510 

•393 

.286521. 

.425 

.317981 

.36^2. 

.256471 

.394 

.287498 

.426 

.318970 

.363 

.257433 

.395 

.288476. 

.427 

.319959 

.364 

.258395 

.396 

.289453 

.428 

.320946 

M5 

.259357 

.397 

.290432 

.429 

.821938 

.366 

.260320  1.398 

.291411 

.430 

.S2292a 

.367 

.261284 

'S99 

.292390 

.431 

.323918 

.368 

.262243 

.400 

.«93369 

.4«t 

.32490ft 

^SGQt 

.263213 

.401 

.294349 

AS3 

.3259QQ 

^TO 

.264173 

.402 

.295330 

A34^ 

^26BSS. 

^1 

.265144 

.403 

*296311 

.435 

\S2788g: 

S7^ 

.266111 

.404 

.2972S^ 

^s6 

-328874 

.373 

.267078 

.405 

.298^8 

.437 

.329866 

.374 

.268045 

.406 

.299255 

*438 

^30858 

•  ^75 

.269013 

.407 

.800238 

.439 

.3318SQ 

.376 

.269962 

.^bvo 

.301220 

.440 

^332843 

•977 

.270951 

AO9 

.302203 

.441 

^33836 

•378 

.271920 

.410 

.303187 

•pnX 

1.334829. 

.379 

.27^890 

.411 

.304171 

•VQPul 

[33583SeL 

.380 

.273861 

.412 

.305155 

.v44l 

!  .396Bl€ 

.381 

.274832 

w413 

.306140 

.445 

;  .33781Q 

.382 

.275803 

.414 

.307125 

.446 

[.338804 

i383 

.276775 

.415 

.308110 

.447 

..339798 

.384 

,277748 

.416 

.309095 

JSnkO 

.340798 

.38^ 

.278721 

.417 

•310081 

.449 

.341787 

j386 

.279694 

.418. 

.311068 

.450 

.342782 

.3OT 

^80666 

.419 

.312054 

.451 

.343777 

mSW 

.281642 

.420 

.313041 

.452 

.344rr2 

.389  1  <!28^17  1 

.421 

,314029 

.453 

.345768 

'mtf,)  MSNsnATioN  or  simntrtcixi 


IM 


lU  Jreas  of  tU  Stgmtnig  cf  a  CireU. 


1 

.454 

Area 

SEGMENT. 

1 

Area 

IBQMKHX. 

1. 

Area 

fttOMIllT. 

.S46764 

.470 

.362717 

.486 

.378701 

.455 

.347759 

.471. 

MS1\5 

.487 

.379700 

.456 

.348755 

.472 

.364713 

.488 

.380700 

.457 

.349752 

•473 

.365712 

.489 

.381699 

.458 

.350748 

.474 

.366710 

.490 

.382^ 

.459. 

-.351745 

.475 

.367709 

.491 

.3836^ 

.460 

.352742 

.476 

.368708 

.492 

.384699 

.461 

S537S9 

.477 

.369707 

.493 

^^569d 

.462 

.354736 

.478 

.370706 

.494 

.386699 

.463 

.355732 

.479 

.371705 

.495 

.387699 

.464 

S5G7SO 

.480 

.372704 

.496 

.388699 

.465 

.357727 

.481 

.373703 

.497 

.389699 

.466 

.358725 

.482 

.374702 

.498 

Sg/0699 

.467 

.359723 

.483 

.375702 

.499 

A9l6m 

.468 

.360721 

.484 

.376702 

.500 

,392699 

.46^ 

.361719 

.485 

.377701 

3te.  The  use  of  the  fbregqing  TaUe  is  ghren  in  Problem  XV„ 
n.;  and  the  method  of  copstnicthv  it  ma/  be  aeen  in  Mom'^ 


IM 


nUuetKJ^  «M«|)(Nk. 


(n^T  V. 


PJRTV. 

MENSURATION  OF  SOLIDS 


AFFUEO  Ta 


GAUGING. 


BKFINXTlOlfS  OF  &OLIBS. 

1.  A  SouD'is  a  %are  which  generally  consists  of  three 
dimensions  ;  viz.  length,  breadth,  and  thickness^ 

2.  The  measuremeni  of  a  solid  is  called  it9  solidity^ 
capacity,  or  content 

3.  Tdb  contents  a£  solids  are  estimated  by  a  cube  whose 
side  is  one  inch,  one  foot,  one  yard«  &c.  called  the  ''f^^' 
suring^mt ;  hence  the  solidity  of  a  body  is  said  to  be  so 
many  cubic  inches,  feet,  yards,  &c.  as  are  contained  in 
that  body*  In  Gauging,,  however,  the  contei;its  of  all 
vessels  are  reduced  to  ale  gaUoM,  wine  gqikms,  maU  bushels, 
&C.  &e. 

4.  A  cube  is  a  solid  havinj^  six  e<jual  square  side% 


« 

i. 


5.  A  paralldopipedon  is  a  solid  having  six  rectangular 
sides,  every  opposite  two  of  which  are  equal  and  parallel. 


IfM  V.) 


BEStSll^IOM  -W  MMLIM* 


US 


$*  A  fHm  is  ft  floRd  whdM  «iidb  0e  two  eqmil, 
foM^  md  ttmSif  plane  fignreB;  aid  itt  aUes  lee* 

taogies. 

It  18  oiDed  m  iviaa^fH&r  cruM  what  ki  cndi  are 
trianglei;  a  square  prum,  wnen  iU  ends  areaquam;  a 
pai^omi! prism,  when  its  ends^ffe  pentagons,  te. 


7-  A  cylinder  is  a  solid  conceived  to  be  described  hy 
^  lerolution  of  a  right-anried  pandldogram  aboat  one 
of  its  sides^  which  remains  fixed,  and  is  called  the  axis  of 
tbecflinder ;  or  it  is  a  solid  whose  ends  are  paralld  cir« 

cles^  and  its  sides  right-lines. 

^ck»  Whqn  ^e  panOld  ends  of  a«oia  ttft  'toabaod  lisrdiiriaiilar 
a>^<tkRtlfl^  wfacnoM'Ciid  iiilwanded  by^a  dllptt nd  tiM 
b)  a  aide,  Ihg  jlgioe  u  cdM  «  <9iiM»vM: 


&  Aw/ramid  is  a  solid  the  base  of  which  is  any  plane 
%ae  TOatever,  and  its  sides  are  trianglesi  meeting  in  a 
point,  called  die  vertex  of  the  pyramid 


9-  A  cone  is  a  solid  conceived  to  be  described  by  the 
nnittiBn  of  a  iri^it-angled  ttiangteiboiit  one  of  its  l^> 
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'which  remaioB  fixed,  ood  is  called  the  o^  of  the  ecu 
or  it  is  a  pTramid  of  an  infinite  aimiber  of  ddei,  havil 
a  circle  for  ita  base. 

'  N<iU.  When  UN  but  of  &  cone  Ii  an  illiptr,  iba  mIU  i*  called  . 
rillrtical  CODC 


10.  The  /huttm  of  a  pyramid  or  cone  is  tiiat  pa 
.  which  remauiB  whei  the  top  is  cut  off  by  a  plane  paralli 
to  the  base.     The  part  cut  off  ia  called  a  foment, 

n.  A  tvedge  is  a  solid  whose  base  is  a  rectangle  i 
two  ends  plane  triangles,  and  ite  two  c^ipoata  n&a  te) 
minate  in  en  edge. 


B 


d  whose  bases  or  caids  i 


IS.  A  primaid  is  a  sdid  whose  ba „„  _«  ..„ 

right-angled  parallelqgranis,  being  parallel  but  not  sini 
lar  to  ea^  odier ;  ana  ite  aides  four  plane  trapesoids. 


'  IS.  A  ipitn  at  gblx  is  a  solid  coocCiired  to  bt  fitme 


?r  r.)      pBf<RnvK>K»  09  smim.  157 


lepotrtm  of  a a«ni-ciiiclt  ahottt  ili diMMler,  whieh 
ins  fixed,  and  is  caUed  the  axii  or  diameter;  or  it  ia 
d  bounded  bj  one  contintied  oonrex  suiftoa,  everr 
^  ^Ai»tqaMj  dKstnt  Item  a  paint  widiiii,  cilt 

eeentre^ 


The  segment  of  a  sphere  is  any  Wtt  of  it  cm  off 
plazie.  If  the  plane  pass  tihrough  the  centre,  it 
iiride  the  sphere  into  two  equal  parts  eaUed  hemiu 

Tne  zone  ^  a  sphere  is  a  part  intercepted  betwecQ 
arallel  planes,  and  if  these  planes  be  eqpially  dis- 
'om  die  centre,  it  is  called  the  middk  tone  of  ike 

A  dreidar  spindle  is  a  solid  conceived  to  be  finrmed 
revoluticHi  of  a  drcular  segment  about  its  chord, 

remains  fised. 


CyHndncal  hoofi  or  unguMs  are  solids  formed  by 
a  cylinder  in  different  directions,  and  may  be 
I  into  sis  varieties;  viz.  1st,  when  the  cutting 
IS  parallel  to  the  axn  of  the  cylinder,  and  passes 
h.  Ixith  ends ;  find,  when  the  plane  is  oblique  to  the 
id  passes  through  both  ends ;  3rd,  when  the  plane 
dbliquely  through  the  ddes ;  4th,  when  flie  plane 
the  side,  passes  throuch  the  base,  and  makes  the 
*  segment  of  the  base  less  than  a  semi-drde ;  5tb, 
he  plane  enlaea  tiia  side,  passes  tfarou^^  the  base, 
akes  the  s^mant  of  the  base  a  semMrcIe ;  and 
len  the  plane  enters  the  side^  passes  through  the 

P 
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base^  and  makes  the  aegmoit  of  tbe  base  greater  than  a 
s^i-cirde. 

18.  In  thetwQ  first  cases^  the  sections  will  be  redans 
gles  ;  in  the  third  case,  the  section  will  be  an  diipae;  in 
the  fourth  case,  it  will  be  the  less  segment  of  an  ellipse; 
in  the  fifth  case,  it  will  be  a  semi-ellipse  ;  and  in  the  sixth 
case,  it  will  be  the  greater  segment  of  an  ellipse, 

19.  A  cylinder  may  also  be  cut  by  a  plane  passing 
obliquely  tiirough  the  opposite  extremities  of  the  two 
ends.  In  this  case  the  cylmder  will  be  divided  into  two 
ungulas,  each  of  which  will  be  half  a  cylinder ;  and  the 
section  will  be  an  ellipse. 

20.  Conic  hoofs  or  unpdas  are  solids  formed  by  cutting  the 
frustum  of  a  cone  in  difierent  directions ;  and  may  be  divi* 
ded  into  eight  varieties;  viz.  1st,  when  the  cutting  plane, 
is  parallel  to  the  axis  of  the  irustum,  and  passes  Simu^h 
both  ends ;  gnd,  when  the  plane  is  obUque  to  the  axis, 
and  passes  through  both  ends;  3rd,  when  the  plane 
passes  obliquely  through  the  opposite  extremities  of  the 
two  ends;  4th,  when  we  plane  passes  obliquely  through 
the  sides;  5th,  when  the  plane  enters  the  side,  and  passes 
through  the  less  end;  oth,  when  the  plane  enters  the 
side,  passes  through  the  greater  base  or  end,  and  makes 
a  less  angle  with  tlie  base  than  that  made  by  the  base  and 
the  side  of  the  frustum ;  7th,  when  the  plane  cuts  the 
side,  passes  through  the  greater  base,  and  is  parallel  to 
one  of  the  sides ;  and  8th,  when  the  plane  enters  the  side, 
passes  through  the  greater  base,  and  is  parallel  to  the  axis 
of  the  frustum. 

21.  In  the  two  first  cases,  the  secticms  will  be  irape* 
zoids  ;  in  the  third  and  fourth  cases,  the  sections  will  be 
ellipses  /  in  the  fifth  and  sixth  cases,  the  sections  will  be 
elliptical  segtfients;  in  the  seventh  case,  the  section  will  be 
a  parabola  ;  and  in  the  eighth  case,  the  section  will  be  a 
hyperbola,     (See  the  definitions  of  the  Conic  Sections.) 

22.  Pyramidical  and  prismoidcd  ungulas  are  solids  form* 
ed  by  cutting  the  frustum  of  a  square  pyramid,  or  a 
prismoid  in  dmerent  directions ;  and  are  generally  either 
fvedges  or  prismoids. 

Note,  All  the  ungttku  mentioned  in  the  pi«ceding  definhioiis,  roaj 
be  fimned  by  hquar  in  cylindrical,  cooioal,  pyrainidlcal,  and  priaaaoidal 

vessels,  placed  in  different  positions. 
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DEFINITIONS 

Conic  Sections  and  their  Solids. 


\.  Conic  Sections  are  plane  figures  formed  bjr  cattiiig 

Accwding  to  the  different  podttona  of  the  cutting 
plue,  there  will  arise  five  diSerent  figures  or  sections. 

°  JT  the  cutting  plane  pass  through  the  vertex  of  the 
"loe,  and  any  part  of  the  baee,  tne  section  will  be  a 


3-  If  a  cone  be  cut  into  two  parts,  hy  a  plane  parallel 
^tbe  base,  the  section  will  be  a  ciro&. 


4.  If  a  cone  be  cot  by  a  plane  paarnig^throu^  it»two 
lant  sides  in  an' oblique  direction,  the  secti<»i  will  be  an 
P2 
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eOifue  or  ellipds ;  A  ind  B  bong  the  verticeB,  end  I 
the  transverse  dismeter. 


5.  If  a  cone  be  cat  by  a  phtae  pnallel  to  dther  of  i 
sknt  rides,  die  wotKai  will  be  0  parabola;  tilius>  if  t! 
ame  ABC  be  cut  br  &  phne  parallel  to  the  ^knt  sit 
AC>  the  secticn  DBF  will  be  a  paraiola ;  P being i 
vertex,  GF  iu  axis,  and  D£  its  base.  Th«  soli 
D  E  B  F  D,  cut  off  by  the  plane,  is  called  a  {mrabol 
£oof  or  ungula. 

Nate,  The  metbodof  d«setiUiig  ■  parabola  ma;  be  nen  in  Nestai 
MennmHioD,  jiage  31% 


6.  If  a  cone  be  cat  by  a  plane  parallel  to  its  axis,  or  it 
sucb  a  manner  that  the  plane,  if  cmitinued,  would  mee 
the  c^posite  cone,  the  secdon  will  be  a  hmeriola  ;  thu 
if  the  cane  ABC  be  cut  by  a  plane  parallel  to  its  au 
C  L,  or  in  sucJi  a  manner  that  the  plane,  if  continued 
would  meet  the  opposite  side  of  a  similar  cone,  as  at  H 
tlie  nctiM  D  £  F  will  be  •  ihifwMii ;  D  £  bvag  its  bBK 
F  Mid  H  it*  ftition,  G  its  centn^  F  H  iM  ti«iis*«n' 
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dumeter,   and    C  G    its    8emi««QiijogM«.     The    solid 
dEBYD,  cat  off  by  the  plane,  is  called  a  hyperbolic 

iioof  or  ungula* 


^ote  h  Thft  method  of  constnictiiig  a  hyperbola,  m^  be  soen  m 
Nesbit's  Mensuration,  page  S2S, 

t.  AU  the  figuxes  that  can  pomSiAy  be  fonned  by  eotting  a  cone* 
are  mentioned  in  the  preceding  definitions ;  and  are  6ve  in  number^; 
viz.  a  triangle^  a  ctrcfe,  an  dRpte^  a  parabola,  and'a  hypsrMa  ;  but  the 
three  last  only,  are  usually  denominated  Conic  SacTioifS. 

7.  The  vertex  of  a  conic  section  is  diat  point  where  the 
cutting  plane  meets  the  opposite  sides  of  tly  cone^  as  at 
A  and  B,  in  the  ellipse;  at  F,  in  the  parabola;  and  at  F 
and  H^  in  the  hyperbcda ;  hence  the  ellipse  and  hyper* 
bda  have  each  two  vertices,  but  the  parabola  has  only  one 
vertex. 

8.  The  ojcis  of  a  parabola  or  a  hyperbola,  is  a  righuline 
drawn  from  the  vertex  to  the  middle  of  the  base. 

9.  An  ordinate  is  a  right  line  drawn  perpendicularly 
irmn  any  point  in  the  axis,  and  terminating  in  the  curve ; 
eonsequently,  the  double  ordinate  is  a  right-line  passing 
peroendicularly  through  the  axis,  and  terminating  at  botn 
ends,  in  die  curve, 

10.  An  abscist  is  that  part  of  the  axis  whidi  is  con* 
tained  between  the  vertex  and  the  ordinate. 

11.  The  parameter  of  any  diameter  is  a  third  proper* 
tionid  to  that  diameter  and  its  conjugate. 

P3 
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The  paraHMtw  U  flonethnea  ealled  tlie  iafm  rtetmn. 
IS.  The  ^«M  u  8  pmnt  in  the  uis  where  tile  Ofdinai 
ia  equal  to  half  the  parameter. 

13.  The  ellipse  and  hyperbola  hare  each  two  foci  .■    bi 
the  parabola  has  only  aacfoau. 

14.  A  spheroid  or  elUpgad  ia  a  adid  generated  by  tl 
revolution  of  an  ellipse  about  one  of  its  diameters, 
the  revolution  be  maae  about  the  transverse  diameter,  tti 
solid  is  called  a  prolaie  spheroid  i  but  if  about  the  con 
jugate  diametOT,  an  o6^  spheroid. 


15.  A  conoid  is  a  solid  formed  by  the  rev<duti(m  of  s 
par^mU,  or  h^^perbola,  ^mat  its  axis ;  and  ii  accordingly 
called  paraboUc,  or  kr/perbolic. 

The  parabolic  conoid  ia  alto  called  a  parabolaitls  and. 
the  hyperbolic  conoid,  a  hyperboloid. 


16.  An  eZfipfu;,  a  parabolk,  or  a  hyperbolic  smniU,  is  a 
s(did  formed  Dy  the  revolution  of  a  scement  of  an  ^I^ee, 
a  parabola,  or  a  hyperbola,  about  its  double  ordinate, 
which  remuoa  fixed.    (See  the  circular  spindle.) 
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GENERAL  PROPERTIES 
OF  nx 

Conk  Sections. 


M» 


PR0PKRTIK8  OP  THS  KLLIPSt. 

1.  The  squm  «f  ^le  dbtanct  i£  the  fbcus  from  the 
centre,  is  equal  to  the  difference  of  the  squares  of  the 
semi-axes. 

2.  The  sum  of  two  lines  drawn  from  the  foci,  to  meet 
at  any  pcnnt  in  the  curve,  is  equal  to  the  transverse  aais. 

3.  Toe  parameter,  or  double  ordinate  at  the  focus,  is 
equal  to  the  Square  of  the  ooi\)ugate  diameter  divided  by 
the  transverse* 

4.  The  rectaoffles  of  the  segments  of  any  diameter,  are 
as  the  squares  of  their  oi'dinates. 

5.  All  the  paraUeloprams  circumscribed  about  an  ellipse 
are  equal  to  one  another,  and  each  equal  to  the  rectangle 
of  the  two  axes. 

^  6.  An  ellipse  is  to  the  rectuigle  of  the  two  axes,  as  any 
circle  is  to  the  square  of  its  diameter. 

7*  The  areas  of  ellipses  are  to  one  another,  as  the  rec« 
tangles  of  their  transverse  and  conji^ite  axes. 

8.  As  the  transverse  axis  of  an  ellipse  is  to  the  conju* 
gate,  so  is  the  area  of  a  circle  whose  diameter  is  the  trans- 
verse, to  the  area  of  the  ellipse. 


PROPXRTIES  OP  THB  PARABOLA. 

1.  The  distance  of  the  focus  from  the  vertex  is  equal 
to  the  square  of  any  ordinate  divided  by  4  times  its 
absciss. 

2.  The  parameter,  or  double  ordinate  at  the  focus,  is 
equal  to  the  square  g£  any  ordinate  divided  by  its  absciss. 
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S.  The  distance  between  the  focus  and  the  vertex  is 
equal  to  J  of  the  parameter^  or  |  of  the  ordinate  at  the 
focus. 

4.  As  the  parameter  is  to  the  sum  of  any  two  ordinates, 
so  is  the  difference  of  those  ordinates  to  the  difference  of 
their  abscisses. 

5.  Abscisses  are  to  each  other  as  the  squares  of  their 
ordinates. 

6.  All  parabolas  are  similar  to  each  other. 

7.  The  area  of  a  parabola  is  equal  to  f  of  the  area  of 
the  circumscribing  parallelogram. 


PROPERTIES  op  THE  HYPERBOLA. 

1.  The  square  root  of  the  sum  of  the  squares  of  the 
semi-axes^  is  equal  to  the  distance  of  the  focus  fVom  the 
middle  of  the  transverse  axis. 

2.  If  half  the  transverse  axis  be  subtracted  from  the 
distance  between  the  focus  and  the  middle  of  the  said 
axis^  the  remainder  will  be  the  distance  of  the  focus  from 
the  vertex. 

3.  The  difference  of  two  lines  drawn  fVom  the  two.  foci 
to  any  point  in  the  curve^  is  equal  to  the  transverse 
axis. 

4.  The  parameter^  latus  rectum^  or  double  ordinate  at 
the  focus^  is  equal  to  the  square  of  ^he  conjugate  divided 
by  the  transverse. 

Note*  Those  who  desire  to  obtain  a  complete  knowledge  of  the  pro- 
pertiei  of  Conic  Sections,  are  referred  to  the  Works  of  £mer-«n» 
Hutton,  and  Simson  on  that  subject* 
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PROBLEMS 

IN 

PRACTICAL  GAUGING. 


PROBLEM  l. 

The  side  of  a  ve$8el  in  ike  form  of  a  cube  being  given,, 
to  find  its  content  in  ele  and  wine  gallons^  and  malt 
bushels. 

RULE. 

S^  the  Pen. 

Multiply  the  side  of  die  tate  by  itself,  and  that  pro- 
duct again  by  the  side ;  and  the  iMt  product  will  be  the 
content  in  cubic  inches.  Multiply  the  content  thus  found 
by  .003546,  .0(MS2d»  and  «000455i  «  divide  it  by  282, 
231,  and  2150.42;  eid  the  >eyecUve  products,  or  quo- 
tients, will  be  the  content  in  ate  and  wine  gallons,  and 
malt  bushels. 

NaU  1.  If  the  oontetit  of  a  cubical  vttMl  be  ([iven  in  gallorts  or 
bushels,  its  side  may  be  found  by  extractug  tl»«iibe  root  of  the  given 
CQnteQt,  reduced  to  cubic  inches* 

2.  It  is  scarcely  necessary  to  oblefv^  tb  the  young  Gauger,  that  the 
internal  dimensions  of  all  vessels  must  be  taken ;  hence,  when  we  say 
the  side  of  a  vessel  measurss  so  nuBiy  iathes,  we  mean  the  internal, 
not  the  external  side* 

1.  The  side  A  B  or  B  C,  of  the  cubical  vessel 
ABCDEFG,  measures  4S.7i]»Jies;  what  is  the  con- 
tent in  ale  and  wine  gallons,  and  malt  bushels  ? 
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By  MuUtpltcatum. 

43.7  *irfe. 
43.7  wfe. 
3059 
1311 
1748      - 
1 909.69  prafwcf. 

43.7  side. 
1336783 
572907 
763876 


83453.453  content  in  ci^tkincies. 

.003546  maUipUer. 

5007207 I 8 
S8381S812 
4172672^5 
250360359 
S95.926044338  content  m  ale  gallom- 

Cubic  inches. 
83453.433  content. 
.004329  tmUiiplier. 

751081077 


351.269998037  nnne  gallmt. 
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Cubic  inches, 
83453.453  c<mieiU. 
.000465  mtiftyfer. 

417267265 
500720718 
333813812 


38.805855645  nuUt  bushels. 


By  Division. 

Cubic  inches. 
Divisor  282)83453.453(295*9^4  ale  gallons. 
564 

2705 
2538 


1673 
1410 


2634 
2538 


965 
846 

1193 
1128 

65 


Cubic  inches. 
Divisor  231)83453.453(361.270  wine  gallons. 
693 

1415 

1386 

293 
231 

624 
462 

1625 
1617 
83 
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Cubic  incbea. 
Divisor  2130.4^)BS^S.458(SSM7  malt  bushels. 

645136 

1894085 

1 73749s 
mOS£6_ 

1715700 
1505294 

"sioioS 


By  the  Sliding  Bule. 

RULE. 

As  the  square  gauge-point  on  P^  is  to  the  side  on  C 
so  is  the  side  on  D,  to  the  content  on  C. 

I 

OnD*     OnC.    OnD.      On  C.  ^ 

f  16.79  >  (  295.93  ale  gallons. 

As  ^  15.19  >  :  43-7  : :  43.r :  <  361.27  mne  gallons. 
14:6.36)  l  3S,S0  malt  bushels, 

2.  If  the  side  of  a  cubical  vessel  measures  58.7  inches  j 
what  is  its  content  in  ale  and  wine  gallons^  and  mali 
bushels? 

Ans.  717.241  ale  gallom,  875*593  tvine  gallons,  and 
94.056  mali  husbeb^ 

3.  The  side  of  a  cubical  wine-vat  measures  86.5  inches; 
what  is  its  content  in  wine  gallons  ? 

Ans*  2801.794  wine  gallons. 

4.  A  cubical  vessel  contains  862  ale  gallons ;  required 
the  length  of  its  side^  in  inches?  Ans.  62.4  inches, 

Remabr. 

If  the  content  of  any  figure^  in  cubic  inches^  be 
multiplied  by  .000578>  the  square  factor  for  a  solid  foot, 
taken  from  the  second  column  of  the  Table  of  Factors, 
in  Part  IV.^  the  product  will  be  the  content  in  cubic  feet; 
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and  if  tbe  content  in  culnc  inches  be  divided  by  1728, 
the  square  divisor^  for  A  solid  foot,  taken  from  the  foorUi 
dunm  of  the  same  Tabl^  tbe  quotient  will  b^  the  oon« 
tent  In  cubic,  feet 

The  content  ef  the  fiist  Example  in  this  Pr6bleni,  it 
'mSASS  cubic  inches;  then  93458^58 x .000578ss 
^'^^S6,  the  content  in  cubic  feet ;  and  83458.458-r  17S8s 
^$•294,  which  is  also  the  content  in  cubic  feet 

AoAiir^  if  the  sauare  of  the  diameter  of  a  cylinder  be 
nultiplied  by  the  neight,  and  the  product  thence  arising 
»7  .000454,  the  drcular  factor^  for  a  solid  foot,  taken 
rom  the  third  column  of  the  same  Table,  the  product 
^ni  be  the  content  in  cubic  feet;  or  if  the  product 
nsing  fimn  the  square  of  the  diameter  by  the  he^ht,  be 
iind^  by  SSOO.lo,  the  circular  divisor  for  a  soud  foot, 
aken  froqi  the  fifth  column  of  the  same  Table,  the  quo* 
ient  will  be  the  content  in  cubic  feet . 

The  nomber  produced  by  multiplying  the  sqcuwe  of 
^  diameter  by  tiie  height,  m  the  first  £xample,  Problem 
V.i  is  277781.2  ;  then  277781.2  x  •000454s  126. 11 2,  the 
Qotent  in  cubic  feet;  and  27778 1.2-r2200.l6s  126.254, 
rhich  is  also  the  omtent  in  cubic  fieet 


PROBLEM  IL 

0  find  the  content  of  a  vessel  in    the  form   of   a 

parallelopipedon. 

By  the  Peru 

Multiply  the  length  by  the  breadth,  and  tbat  product 
y  the  torth  or  alutude,  and  it  will  give  the  oont^t  in 
ubic  inches.  Divide  the  content  thus  obtamed  by  282, 
31,  and  2150.42;  and  the  t^ipective  quotients  will  be 
le  content  in  ale  and  wine  gaUons,  apd.inalt  bushels. 
NoU.  If  the  cament  of  «:pswWop^n  be  f^vidjd^  Uie  pjo- 
ict  of  any  two  of  itt  dimeMfenf,  the  quotieot  wiU  be  the  other 


JCt 

mensioii* 


ifbAfitttAt  ijAtrihtc.  (tAii  V.) 


1.  Tlie  M^'A  B,  tf  •  vttM  IfttM -fiirbbf  k  iUral- 
leUmipedon,  meuures  88  inches,  iu  breitMi  A  E  hiia- 
Aet,  xoi  %s  'i«p^  at  iMMde  Sk:  S8.5  intiieb  i   vbat 


*10 

14SS  product. 

SSIW 
S5434 
13884 _ 
IXvitor  iSi)170*78.0((B0*.S31c(mtnii>tttlegaltim. 
Also,  nOi78~-iSl=7SMO,{ke  ctmUntimmegaaoia; 
and  l70*7S-i-tl50.4as79dt\theeoitta»t  in  rnait  htuieb. 

fiCtfe  t 

As  (he  \vt^  oh  T,  'fc'Cb  fHi;  'skfaft  Wi  ^';  Wi  'it  tk 
l»eadth-«nC,  to  tfaenieffi  riropmtioital'benrMB  tteln^ 
and  breadth,  an  D.    {Set  PnAx  X.,  P«rt  11.) 

Then,  as  thb  kqnare  gauge-pmnt  (m  D,  is  to  thfc  dbptb 


onC 

One.    QftD.      OnC.      OnD. 

4j  82    :  '  88    I :  *  5i  '  :    6ft54>;  /Ag  i|{k^n  propartionaL 

QalX    OnC.     OnD.      O^C 

/ 1&79  >  f  eOi^S  qU  gallons. 

As{  15.19  > :  S8^  :  :  6&54 :  -f  7Sa00  mhe  goHoHt. 
{46.36}  {   79^27  mall  lushdi. 

RULE  |L 

As  the  square  divisor  on  A,  is  to  the  length  on  B ;  so 
i  tke  bieadOi  on  A»  la  the  area  of  the  base  oil  Bt 
And^  as  one  on  *Aj  is  to  the  area  of  the  base  on  B ;  so 
the  depth  on  A,  to  the  ^t^  on  B. 

On  A.       OnB.    On  A.      OnB. 
{  m      )  {l5.7AdegailonA 

U{  ^l      V  :  8«  H  5*  J  -l  l^^n  wi9€  MOlkms. 

3nA,    qnp.       OUi  A,  OnB. 

^*  1  :  <  19.17  >  ::  S8.5  :    {  738.00  wine^aUofi*. 
{  2.00  j     *  '    I   ?9-S7  «M«  ^Ae/«. 

2.  The  length  of  a  v^l  ii  QM  n^cSf^s^  iU  breaath 
i.5  indies,  and  im  Aei^t^  |^  fA^^  ;  ^»|t  j^a  i^  caht^nt 
ale  and  inne  galloitf^  and  mii  tKiabda? 

Ans,  98e.6lSr  d^  ^iiK»u>  1197%19  «vme  gMms,  and 
ii59m!i  bushdL  -    '  -    '^       •    ^  ' 

3.  A  wiiiie-vat  measures  104  inches  in  length,  ^2*4  ^ 
^  in  breads,  and  38.6  indies  in  depth ;  how  many 
iUons  of  wine  will  it  omkmki/  < 

Ant*  1^0^*76  f^Hfop/feft^. 
i  Ac|mit  ^e  f^^^ffArfg  igxire' A  B CD E  F  6^  re- 
e«n^  (^  W^,  tSf  feppih  jOKjch  VflWesUe  jn- 
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chcs,  its  breadth  92  indies,  and  -  its  deiptfa  35:6  inches 
how  many  bushels  a£  malt  wjU  it  contain  ? 

5.  A  floor  of  malt  measures.  24i6  inches  vel  lengthy  1% 
in  breadth,  and  6.8  inches  in  deptfi ;  required  its  conten 
in  malt  bushels  ?.  /         Anf.)  97SS6  inak  busheli 

6.  A  stone  troi^h  or.  cistern  measures  as.8  inches  it 
length,  46.3  inches  in  bireaddi^  and  holds  436.5  ale  gal 
Ions;  required  its  depth  }  Ans.  $3^646  inches 

PROBLEM  III. 

#  *  •         •         » 

To  find  the  content  of  a  vessel  in  ihefform  of  a  prism^ 

'  RULE.      '    ^•'*  '     " 

By  the  Pen, 

Find  the  area  of  the  l>ase  in  ale  and  wite  gallons,  and 
malt  bushels;  multiply  these  ar^s  by^he*  perpendicular 
depth ;  and  the  re8|)edtive  products  will  (be  the  oohtent 
of  the  vessel,  in  ale  and  wine  gallons,  and  malt  bushels. 

Note  1.  If  tiie  base  be  a  square,  a  rectangle,  a  rhombus,  a  triangle, 
a  trapezium,  a  trapeaxiid,  or  an  inenular  pdygoo,  its  area  may  Ui 
found  by  Prob.  I.,  II.,  III.,  IV.,  V.,  VI.,  VH.,  or  VIIT. ;  but  if  the 
base  be  a  regular  pc^ygoii,  its  area  may  be  obtained  by  ftobb  IX.  or 
X.,PartIV^  •?    ;     •         * 

8.  A  regular  ptism  has.all  tht  sides  of  its  base^equi),  to  teach  other; 
when  they  are  unequal,  the  prism  is  irregular. 

3.  The  perpendicular  depth  of  a  prismatic  vessel  may  be  found  by 
dividing  the  content  by  the  area  of  the  base. 

4.  In  order  to  find  the  content  of  any  prism  in  cubic  feet,  find  the 
area  of  the  base  in  inches,  as  diill6fea  iti  Kote  1\\  multiply  this  ares 
by  the  perpendicular  heigli^  andth^  pfodnot  will  be  the  content  ci  the 
prism  in  cubic  inches.  I^iviide  this  content  by  1128,  and.  you  will  ob* 
tain  the  content  in  cubic  £9ek  (See  Nesbit's  Mensuration,*  Prob.  IIIm 
Part  IV.)  •   -     •••  .»      -^  '.  \  "•■•■•    '\- 


XXAIIMBS: 


1.  Let  A  B  CD£^  F'rq>resent  a  vessel  iathe  fcNrm  of  s 
triangular  prism ;  required  its  content'  ih  ale  and  wine 
gallons,  and  malt  biishels ;  the  ^rpendicular  depth  or  ^ 


Me  ^  E,  B  F.  «r  C  D  lamadm  S^  Mm»i  f^  «•*  of 
the  i^i{«I  ^'  ^  ^e  UwTB  Cl3  ificbef » 


rSM  Pn)6.  X,  Part  IF.J 

Inches. 
SiMUbfUuioMti 
■58  (tde  ^  /^  idM. . 

260  '  ' 

IS5S0 


fP  ■ 


JUo,  27fttx  .Oftl875f?:5.Q7.  ^  afeao/  (^  hose,  wi  »v« 
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I  ■   .  ,.         .  .  ,  . 

Likewise,  9704  X  .00020X^.545504,  tbt  area  if  the  hate, 
in  maUbusheU;  and  .5^SMx65=iS5.S2776,  the  coniaU 
in  malt  bushels^ 


By  the  Sliding  Rule^ 

Find  the  area  of  the  base  by  Problem  X.,  Part  IV.; 
then,  as  one  on  A,  is  to  the  area  of  the  base  on  B ;  so  is 
the  depth  on  A,  to  the  content  on  B. 

Areas* 

OnD.       On  a        On  D.      On  C. 

f. 001 536)  (4.15   ^gallons. 

As  I  :  ^.001876  >  ;:  52:  -{5.07    wine  gallons. 

{  .000201  j  (  a543  mak  bushels. 

Note,  If  it  be  thought  inconvenieiit  to  find  the  area  of  the  faMe  bj 
the  Sliding  Rule,  it  x»j  be  fQund  by  the  Pen. 

Contents. 

On  A.     OnB.  On  A.        OnB. 

r 4.15  .)  ( 2699^ ole )^allons. 

A  1  :<  5.07    >  ::  65  :  /  S29.55  wim gallons. 
(  0.543  j  (  SBSSmaU  bushels. 

2.  The  side  of  a  pentagonal  veasel  measurea  245  in- 
ches, and  its  perpendicular  depth  57.4  inches;  what  is 
the  content  in  de  and  wine  galkms  and  malt  bushels  ? 

Ans.  210.20598935  ale  ^tbnu,  256.6159938  mine  gal- 
Ions,  and  27'56S4iS  tnalt  InMds. 

8.  The  side  of  a  hexagonal  wine-vat  measures  32.6 
inches,  and  its  parpendiciuar  ^epth  49-7  inches;  what 
is  its  content  in  wine  gallons?  . 

Ans.  594.057  wine  folkmt. 

4.  The  three  sides  of  the'  base  of  an  insular,  prismatic 
vessel,  measure  96,  125,  and  159  inches  respectively;  and 
its  perpendicular  depth  38.4  indies  ^  what  is  its  content 
in  alejKallons  ?  "      Ans.  710.5182  ofegoflcMi. 

5.  The  base  of  a  maltstet^s  cistern  is  a  trapezium^  the 
longer  diagonal  of  wbidi  measures  274  incnes,  one  of 
the  perpendiculars  112  niches,  snd  the  other  93  inches; 
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required  its  oontoit  in  mak  buditUy  its  dq>th  bdng  S9.4 

ioches?  ,     Ans.  514.S64maUlmskeli. 

6,  An  octagonal^  prismatic  Teasel  contains  579.8  wine 

galloDs;  and  the  siae  of  its  base  measures  24.6  mdies ; 

required  its  perpendicular  depth  ?         Ans*  45.797  incku. 


PROBLEM  IV. 
To  find  the  cotUeni  of  a  veael  in  th$  form  of  a  cylinder. 

RULE  L 

By  the  Pen. 

Multiply  the  tqaare  of  the  diameter  by  the  perpen- 
dicular depdi ;  divide  the  product  hf  859-05^  S94.12,  and 
2738>  and  the  respective  quotients  will  be  the  content  in 
ale  and  wine  gallons^  and  malt  bushels. 

RULE  IL 

Find  the  area  oi  the  base  in  ale  and  wine  gallons,  by 
the  Tables  of  ale  and  wine  areas.  Part  VIL ;  then  mul- 
tiply diese  areas  by  the  depth,  and  the  respective  pro- 
ducts will  be  the  content  in  aleandwine  gallons.  (See 
Prob.  Xin.  Part  IV.) 

Note  1.  If  the  square  of  the  diameter  of  a  cylinder  be  multipliecl 
by  .7854^  the  product  wUl  be  the  aica  of  th(e  bsae  io  •««««  inches  ; 
uid  if  this  aiea  be  multiplied  bj  the  depth  or  altitude,  the  product 
drill  be  the  oontant  in  cubic  ipdies ;  which  being  divided  by  17^»  will 
^ve  the  content  in  cubic  feet. 

3.  The  depth  or  altitude  of  s  cylinder  may  be  found  fay  dMOtng  the 
x>ntent  by  the  area  of  the  base. 

EXAKPLBS. 

1.  Required  the  content  of  the  <^linlrical  vessel 
A.  B  C  D,  in  de  and  wine  gallons,  and  malt  bttsheM;  the 
diameter  of  the  base  AB  bekig  54.8  indiesy  and  the  depth 
ADorBC  6)2.5  ittdiis^ 


176  Ps^opjCAj,  efLSfiiv^.  irj^f  ■«. 


■ .  iMm ..         .  . 

600608         ,   ,     •    , 

I>>iu»'U»««>ie769i>.ooo;c«.T4eaiiiKu<><^fal^. 

.4^0, 18760.060-rS9^1S=6S9.1^,  Hu  coitfmt  in  tpiiN 

i|r  «H>  II. 

<!/'«i<>ae«i,feejt6«8iil(«a(t>v;#«iA;«nx9^s 
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the  arm  of  the  bate  io  he  10.2108  ftine  galUms ;    then 
10.2103  X  63.5=:638.14S75,  the  cmUent  in  mne  pUiaiu. 

By  the  Slidimg.  Brnhk 

As  the  drciilar  gagge-point  on  l>,  is  to  tiM?  dcptb  or 
altitude  on  C ;  so  is  the  mameter  on  D^  to  the  content 

oqC. 

» 

6nD.       OnC    OnD.        On  C. 
( 1  S.95  )  (  53S.74  ale  gallon*. 

J*^  17.15V  ;  62.5  ::  54.8  :  ■{638.UnfinegaUoHS. 
(  52.32  j  I    6S.S5maUluMkek. 

2.  What  18  the  content  of  a  cylindrical  guile-tun.  in 
ale  gallons ;  the  diameter  iji  the  base  heitkg  £8.6  incues, 
and  the  perpendicular  dqith  74  incbei  ? 

Am.  969S95  ok  gaUotu. 

3.  The  depth  of  a  cylindrical  Ttssel  is  57.4  inches^  and 
its  diameter  48.1  inches;  what  is  the  content  in  wine 
gallons  ?  Ans.  862.527  fvine  gaOons. 

4.  A  cylindrical  mashptun  measuzes  96.S  indies  in  dia» 
meter,  and  84.6  indies  in  depth ;  how  mamr  bushels  of 
malt  will  it  contain  ?  Aw.  200.094  bu^uls^ 

5.  At  Heidelberg,  in  Genqanyi  is  a  cylindrical  wine* 
cask^  the  perpendicular  height  of  which  measures  27  feet 
or324inches«  and  the  diameter  21  feet  or  252  inches; 
how  many  wine  gallons  will  it  hold  ? 

A$is.  69955.446  wine  galbms. 

Note.  This  convivial  monument  of  andent  bospitalitj,  was  farmeriy 
kept  full  of  the  best  Rhenish  wine,  and  the  electors  have  given  many 
entertainments  on  its  jilatform ;  but  it  now  ca\y  serves  as  a  roelan- 
cfady  instance  of  the  extinction  of  that  hospitality ;  for  it  is  sufihned 
to  moulder  in  a  damp  vault,  quite  empty. 

Although  this  vessel  is  of  an  extraordinary  magnitude ;  yet  it  ia 
nudi  inferiory  in  capacity,  to  many  of  the  London  purter-vats* 

PROBLEM  V. 

To  find  the   content  of  q   vessel  in  the  form 

of  a  'pyramid. 

By  the  Pen. 
Multiply  the  area  of  the  top  of  the  vessd^  in  square 


will  be  tJK  ^(ni^t  iQ  (^(1  inches.  I)ivide.t( 
by  Ses,  SSI,  and  il50.*2  ;  and  Uie  respective  quotients  wi) 
be  the  craitent  in  ale  and  wine  gallonsj  and  nult  bushels. 
At^<»l.  tftliti>eipMd)ndK.«f4;hwiH  divide  b)i%t)ita«nteDt  ma 
^CauQdb^ii>uV»>l;iiVtl>e  w««  of  Uw  top  b;.  J  ^f  tba  pfjivndkulf 

8.  The  «re»  of  Ibe  top  niBj  be  found  br  Prob.  IX.  or  X..  PwtlV 
(See  Nou  I.,  Piob.  m.) 

3.  y««N^  in  t)w  foin  (>f  iTtiimhb  and  cmicb  iKaflAHn  met  wit 
inthePracUceqf  PM^tapd  It  i>  erVe^  fion  tie  nakire  of  th 
Cguren,  that  tbey  murt  alwys  be  placed  with  their  batet  umaida,  am 
thalF  iwtices  domiward^  Uke  wine.^uaes,  aiva-^aip$,iK.  ika.  i  con 
asqiiwtlj  wh«  i*  c»lW  the  b^a  of  ■  .njnndd  o»  ew*,  m  the  Men 
suafioa  orS9lids,  will  become  Oa  top  of' a  pyramidical  «  conia 
vessel,  in  GaugiDg.  "       V'"   ■ 

4.  If  the  area  of  the  lop,  ia  ^  and  wine  goBani,  aad  miit  baiheh 
*•  mUlbplNid  by  i  of  the  pcxpendieular  depth  in  indu*.  the  re»pecti»< 
pwUucta  wi^  bt  t^i?  con(«t .^  ajto  fwft  .fiiV  gtfq».  ^B(l  »al(  l^iBbelE. 

fXAUPLES. 

1,  Required  the  cc^teift  of  the  hexagoiial  pvramidical 
vesMl  AB  CD  E  P  G,  in  ale  and  wine  splfons,  and  mall 
^uahels  J  t«ai  side  of  the  t^  measuring  ifi  ioAes,  and 
the  perpendicular  i^tb  H  G,  90.3  i^d^? 


M||^ 


Inches. 
46  «tie  (2f  lAe  Urn. 

^n6«mfih'eo/<A€licfe. 
2.5gS0Y6  ^mdiiplier. 

12696 
14812 
16928 
19044 
10580 
4282 


5497.528816  area  ofUke  Idp in  titcAer. 
30.1  <»ie»<Atnf  qf  the  per.  depth. 

164925864480 
Divuor  282)165475^1 786l6(58&792  amieni  in  ak  gaUons. 

Also,  l65475.6i786l6~2SJ  Oft.  716.844,  the  content  in 
wine  gaUansi  a»i2 /l65475.6l736l6-r215a4t»=»76.950,M^ 
<mtentin  malt  bfwihds* 

^  Note  4. 

%ll6mpiare^  ihe  Me. 
.OOjStlSvmltqdier. 

6S48 
2116 
4282 
119044 


19*494708  area  af  thetopinak  gaUons. 
30.1  me4Mrdpfthe  per.  depUu 

194947O8 
^8484124 

$86.79^7108  emUeni  in  ale  gallons. 


>     ^.1  ■  »>   nyii* 


180  PEACTICAL  OAUGING.  (PABT  V.) 

Also,  2116  X  .011247  X  30.1  s  23.798652  x  30.1  = 
716.S39,  the  cont^t  in  wine  gallons;  and  21l6x  .001208 
X  30.1  =r  2.556128  X  30.1  =>  76.93%  ike  cmUeni  in  nudi 
bushels. 

By  the  SUding  Rule. 

Find  the  area  of  the  top  by  Problem  X.,  Part  IV.: 
then^  As  one  on  A,  is  to  the  area  of  the  top  on  B ;  so  is 
one^third  of  the  perpendicular  depth,  on  A,  to  the  con* 
tent  on  B. 

Areas. 

OnD.       OnC,        On  D,        On  C. 

(.009213)  f  19.49    alegattons. 

Asl  :^  .011247  >  :;  46  :  ^23.79    mne  galUms. 

(,001208)  I  2.556  maU  bushels. 

Kate,  If  it  be  thought  more  conTcnientk  aod  aociirate»  ia  Pnctke. 
the  area  of  the  top  may  be  found  by  the  PeiK 

Contcfds^ 

On  A.         OnB.         On  A,        OnC. 

(19.49  7  (586.79    tilegMms. 

As  I  :  ^23.79    >  ::30.1  :  -?  716.34    winegalhns. 
i  2.556)  i  76.939  malt  bushels. 

Note,  If  the  top  of  a  ^3rTainidicd  vcasel  be  a  square,  the  proportioo 
by  the  Sliding  Rule  will  be,  As  the  square  gauge-point  on  D,  is  to  }  of 
ttie  perpendicular  depth  on  C ;  so  is  the  side  of  the  top  on  D,  to  the 
content  on  C. 

2.  The  perpendicular  depth  of  a  square,  pyramidlcal 
vessd  is  126  inches,  and  the  side  of  its  top  52.5  inches ; 
what  is  the  content  in  wine  gallons  ? 

Ans.  501.13  nnne  gallons, 

3.  The  three  sides  t)f  the  top  of  a  triangular,  pyramid* 
ical  vessel  are  46,  48,  and  54  inches,  and  its  perpendicular 
depth  75  inches ;  what  is  the  content  in  malt  bushels  ? 

Ans.  12.066  malt  bushels. 
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PROBLEM  VL 

7«  jEiiif  ike  conieni  qf  a  veuel  in  tk$  form  of  UU  Jhit* 

turn  of  a  pyramid, 

RULEL 

€fenerat  Ruh  ty  l(«  Am. 

To  the  flom  of  the  aieis  of  the  two  endi,  add  the 
sqnare  loot  of  theb  product ;  multiply  this  tom  bj  }  of 
the  peqpendicidar  depth,  and  the  product  will  be  the  cdn- 
tent  in  cubic  inches.  Divide  this  content  bj  288>  9Sl, 
aiid2150.4S,TapectiTel7;  and  the  quotients  wHl  be  the 
oontent  in  ale  and  wine  jaHonSy  and  mah  bushels. 

KoUl.  The  areas  of  the  ends  muft  be  ItaundaidiNctad  is  Kole  I» 
Prob.111. 

9,  The  above  Bule  Is  gensn^  whatever  may  be  the  Sbob  of  the  two 
aimaar  ends  of  the  ftuHum;  that  is»  whether  thej  be  poijfous^  dnJes, 

ordiBpse& 

RUL£  IL 

fl^keti  Ihe  endi  are  regular  folygone* 

Add  together  the  square  of  a  side  of  eadi  end,  and  the 
product  of  those  sides ;  miOdtiply  the  sum  br  }  of  the 
depth,  and  this  product  by  the  tabular  areas  belonging^  to 
the  polygon,  (Pr6b.X.,  Part  IV.;)  and  the  rei^ective 
products  win  be  the  cohtoit  in  ale  and  wine  gallonsi  and 
maltbosh^ 

1.  What  ii  the  content  in  ale  and  wine  jnllons^  And 
malt  budhels,  of  the  ressel  ABCDEFG,  in  the  form 
of  the  frustum  of  a  si^uare  pyramid;  the  side  A  B  of  the 
greater  end  being  56  mches,  the  side  D  £  of  the  lesser 
end  32  indies^  and  the  peqiendicalar  depth  Hn,  96  in« 
dies? 

& 


rK&cm&L'  CAwaiw. 


^ABT  *: 


Here  56x56  =3136,  the  area  of  the  greater  end  ,•  Six 
32=102*,  ^feawaq/'tfe  tew  enrf;  owl  v'siSfix  103+^ 
v' 3211264=1792,  (Ae  square  root  of  their  product;  ihet 
(3136  + J024+1792)x  98-^3=5952  X  98-^3  =  383296-^; 
=  t(H433,  the  coHleal  in  cubie  imekei.  Hemx  194452-i-S8i 
=689.476,  the  cotdeiU  in  ale  galloiu ;  194432-i-231  = 
8il.Gd6,  the  conieniiafBineetdioiu;  atuj  1944^2-^2150.4^ 
=90.415,  the  content  in  maU  fmthds. 

ByEuiell. 

Here  56y  56=31S6.  the  square  of  a  side  of  the  grealt, 
end;  S%xSS =1021,,  the  square  of  a  ndeofthe  kts.  end, 
and  56  X  32  =  1 792,  the  product  ^  the  sides  ;  ihm  (S 1 36-f 
1024  -I-  1792)  X  98  -r  3  =  6952  x  98  -r  3=  583296-^3  = 
194432,  the  content  in  adde  inehet.  Hence  194432  x 
.O03ii46= 689.455,  the  content  in  ok  gaibns;  19M32x 
.0MS29=S^.^,  tie  amlent  in  wine gaSons  ;  amf  19443^ 
X  .000466=90.410,  the  content  in  malt  biUhels, 

By  the  Sliding  Rute,  ' 

he  areas  a£  the  two  enda,  and  also  s  geometrictl 
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getfaer;  mftitifif  *e  tooM  bgr  mm^kmd  of  tlM  pcvpcis 

JV^ofe.  If  the  ends  be  tqquca,  their  aivM  wmf  be  ftmnd  lij  Prab.  I. ; 
and  if  tfa^  be  r^gnler  pilygont,  their  aices  wmj  be  ohtjined  by  PioU 
IX  or  X.,  Part  IV.  A  gtometrkal  meui  pnportloml  between  the 
areas  of  the  ends»  mi^  be  fixind  bj  Fnik  Lf  Ftet  !.«  or  Proix  X., 
Part  II. 


JUGaUom. 
OdA.    On&    On  A.        OnB. 

Asll.l^mC: 


.    un  IS.    un  A.        un  JS. 

•  /^^\*«/^\  •  J ll'l^  ifoitam  area. 

•  132/**  (32/  •  \  8.68  top  arta. 
':il.l2onD::8.^tmC:  6.85  m  Demean  area. 


M.IO 


<Jn  A.      Oil  B.         On  A.         On  B, 

^1    :   n.i   ;;   52.66  :  "689.^9  coniem. 

r 

fFmeGaUans. 
QnlXOnCOnD.       Oaa 

M3.$7omC:i8.57mD::tMimC:  IJtSmummtamkB. 


2M5JMBI. 


On  A.        OnB.        On  A*        OnB. 
Asl     :     25.75  ::  32.66    :     g^UOamtenL 

KUe,  In  finding  tlie  areas  of  the  ends,  in  ala  gallons,  the  square 
divisor  282  is  used ;  but  in  finding  tlietr  areas  in  wine  gallons,  the 
square  gauge-point  15.19  is  used. 

It  may  also  be  observed  that  the  content  in  malt  busbels  may  be  ob« . 
tained  ,bj  either  of  the  above  methoda. 

2.  What  IB  the  content  nf  «  hexagonal  wine-vat ;  each 
side  of  the  grater  end  heing  ^2  inches,  each  side  of  the 
le^s  end  54  inclies,  and  the  perpen<ticular  depth  11^6  in- 
ches? Am.  T7^2.31[0  fvine  gt^Uons. 

3.  IgequiFed  die.  eonteilt  of  ati  oeti^^onal  vessel^  in  ale 
and  wine  gallons,  and  malt  bushels ;  eadi  side  of  the 

R8 


1 

I 
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greater  befle  being  35  incbeB,  eecli  aide  of  the  lets  bJ 

^8  incfaea,  and  the  perpendicular  deplh  94  mchea  ^  | 

Ans.  1608.566.  ofe  gattont,  IQSTMS  wine  gaOons,  oi 

210^56  mali  buhds.  \ 


PROBLEM  VII. 
To  find  the  eonieni  of  a  vessel  in  tke  form  of  a  coneJ 

RULE  I. 

Bj^  tke  Pen. 

Multiply  the  square  of  the  diameter  of  the  top  of 
vesaely  by  ^  of  the  perpendicular  depth ;  divide  me  pi 
duct  by  859.0^  294.12«  and  2788 ;  and  the  respective  quoj 
tients  will  be  the  content  in  ale  and  wine  galloDS^  anq 
malt  bushels.  , 

RULE  IL 

Bv  Problem  XIIL,  Part  IV.^  find  die  area  of  the  top 
of  tne  vessdi^  in  ale  and  wine  ffallona,  and  malt  bushels; 
multiply  th^  areas  l^  '^  of  the  perpendicular  depth; 
and  tae  respective  products  will  be  tne  content  in  ale  and 
wine  gallons,  and  malt  bushels. 

iVbte  1.  If  the  square  of  the  diameter  of  the  base  of  a  eone  be 
multiplied  by  .7854,  the  product  will  be  the  area  of  the  baae  in  square 
inches.  Multiply  this  area  by  |  of  the  cone's  perpendicular  hdgbt, 
and  the  product  will  be  the  content  in  cubic  inches ;  which  being  divi- 
ded by  1728,  will  give  the  content  in  cubic  ftet  (See  Neshit'a  Men- 
suration, Prob.  Vn.»  Part  IV.) 

8.  The  area  of  the  top  of  a  vessel  in  the  fbrm  of  an  elliptical  coDe 
may  be  found  by  Prob.  XVI.,  Part  IV. ;  and  hence  the  cooient.  may 
be  obtained  by  Rule  !!• 

BXAMPLES. 

1.  Hie  diameter  A  B^  ctf  the  top  of  a  conical  vessd^  is 
46  inches^  and  the  perpendicular  depth  DC>  78  inches; 
what  is  the  oomteBt  in  ale  and  wine.  gpUons,  and  malt 
budieb? 
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^*<v. 


By  Rule  I. 
iHehet. 

j6dkio. 

276 
18* 

sue  iman  ^  the  A 
""        "'d^Oedeplk. 


DiviMor  359.05)5501^153.326  o/e  gaUoiu. 

;aw,550l6-7-S94.12.=:  187.052,  Ike  content  i 
F»;   amf  5501 6.^S738  =20.093,  Me  ccmf«nf  1 


By  Bate  U, 

e«46x46x.O027853=2]l6x0O2785=5.893Oi60,  Me 
<g  the  base  in  alt gpBoai ;  21l6x.003399ie7-19S2»4> 
■-rea^the  base  in.  mne  galloru;  and  2116  x-OiXtaGS 
raw,  the  area  of  the  bate  in  mall  btahelt.  Unofy 
3060x26  =  1535J9560,  the  awtoi*  in  ok  gaUons; 
RS 


186  PBACTSCAJ:.  0AU:6IKGv  '.  (PAET  f| 

7.192284x26=186.999384,  the  conieni  m  whe  gaUoJ 
and  .772340  X26;s2a080840»  the  eonienfin  mak  hukeU. . 

By  the  Sliding  Rude. 

Aa  the  cirottlar  gauge-point  on  D,  is  to  |  of  the  m| 
pendicular  depth  on  C ;  so  is  the  diameter  on  D,  to  d^ 
content  on  C. 

OnD.     OnC.    OnD.      OnC. 
f  18.95  7  (  153^1  afe  gaUone. 

As\  17.15  >  :  186  ::  46  :  ^  186.99  winegalbm*. 
(,52^2)  (  fHW8  ma&  huhels. 

2.  The  diameter  of  the  top  of  a  codcal  Teasel  met 
sures  84  inches,  and  the  length  of  its  slant  side  112  ii 
cfaes ;  what  is  die  content  in  ale  gallons  ? 

Ans.  680.1115  ok  gaOon 
8.  The  petpendicahr  depth  of  a  conical  vessefiTg 
jndies,  ana  the  circumference  of  the  top  216  inches 
required  the  content  in  malt  bushels? 

Jw.  1^5482  mofi  buskd 


PROBLEM  VIIL 

To  find  the  eontent  of  a  vessel  in  the  form  of  ike  fm 

inmaf  a  cone. 

RULE  I. 

By  the  Pen. 

To  three  times  the  product'of  the  top  and  bottom  <fii 
meters,  add  the  smiare  of  their  diffinence;  multiply  tb 
sum  by  the  perpendicular  depth ;  divide  the  proouct  b; 
1077.15,  882.36,  and  8214 ;  and  die  respective  quotieDt 
will  be  the  content  in  ale  and  wihe  gaUoosy  oid  nul 
bush^. 


HsmomA-noif  o?  louiw. 


RULEIZ. 


Fmn  the  square  of  the  Bmn  of  the  top  Kid  bottem 
mOen,  nbtrect  the  product  of  tbow  dlemeUn ;  mnU 
t;  the  remainder  by  the  perpendicnlar  depth ;  diride 
:  product  by  the  ftMcgoing  diviaors ;  and  joa  will  ob- 
9  the  ooDtent  in  uie  and  wine  galloni,   and   mah 


.  When  the  eDd*  mra  dUptk*!,  thdr 

■>«>•  mutt  tM  knad  tj  Pnib. 

I,  Pin  IV. 

k  Tbe  equal  bvmtnttol  two  rimikr  i 

nDti,MiMd  tOMUarMllidt 

■ur  cab.  (tern  >Bgii».»hM>,b)>G«i8m,  1>  oUed  ■  <»k  of  tb< 

nhwktr.    Thiiniktr,l>ci«ner,l>(ddDm.Dr[iabapiDn(r>nM 

I.  What  ie  tbe  content  in  ale  and  wine  pHooM,  and 
lit  buslieU^  of  the  vessel  A  B  C  D,  in  tbe  form  of  the 
ittnin  of  a  oone ;  the  diameter  A  fi  (^  the  bottom  being 
indiea,  the  diameter  C  D  of  the  top  40  inches,  and  Ae 
rpoidioalar  depth  £  a  86  Inches  f 


18ff  »liA£nrscA]y  GAinmm;  •        ^paHtv. 


By  Bute  I. 

itwhes* 
72  {he  bottom  dSameten 
40  the  top  Sameter. 

32  difference, 
32  dUto. 

64 
.96 


1024  square  cf'ihe  difference. 


Inches, 
72  hotiam  diamelef: 
40  top  diameter. 


2380  their  product. 
S 

864&  thf'ee  times  their  product, 
,1024f  square  of  the  diffirence, 

9664  sum, 

86  perpendicular  depth. 

57984 
77312     ' 

Divisor  1077. 1 5)&9n04{77 1. 57S  ok  gallons. 

^^,  831 104-r 882^6=941 .910,.  lAe  content  in  wine  gaU 
Ions;  and  83 1104-r'8214s3 101. 181^  the  content  in  nudi 
bushels*      / 


%  Rule  II. 

Inches, 

7^,  bottom  diameter, 
40  top  diameter. 


2SS0  product. 
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7^  bottom  diamder. 
40  top  diamder. 

lis  mm. 
118 

224 
112 
112 


12544  iqfiare  (f  their  jkir. 
2S80  product  of  the  diameten. 

SG64i  difference* 

S6  perpendiaJar  dqUh* 


57984 
77S12 


S3UM  the  same  at  b^fbrt* 
Jence  we  obtain  the  contents  Ijf  dkidon,  as  in  the  last 


By  the  Sliding  Bxile. 

y  Problem  X.,  Part  IL,  find  a  mean  diameter  between 
two  given  diameters;  dien  find  areas  firom  these  three 
leters,  by  Problem  XIIL^  Part  IV.  Multiply  the 
of  these  areas  by  |  of  the  depth ;  and  the  product 
be  the  content. 

Ale  Gallons^ 

C.    OnD.      OnC      On  D. 

^2     :     72     ::     40    :    SSM  mean  diameter. 


OnD.    OnC.    OnD.        OnC 

72;0q  )     ( 14.44  ioOom  area. 
L02  mean  area. 
.45  top  area. 

26.91  sum. 


UnU.    UnU    unii.        uni 

(  72;00  )     ( 14.^ 

f*18.95  ;  1  ::  -J  53.66  VX    8.i 

(  40.00  j     (   4.^ 


a  A.        OnB.         On  A.         OnB. 
1     :    26.91    ;;    28.66    :    771.45  con/mt 
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Wine  jQaUons* 

OnD.     OnC.      OnD.        On  C 

f  7S.00  ]     f  1 7.63  bottom  area. 
As  17.15  ;   1  ;:  <  53.661-:  <   9-79  mean  area. 

(4OJOOJ      (  5.^taparea. 

32.86  sum. 


On  A.      OnB.  On  A.  OnB. 

As  1   :   sa-86  .::  ««^66   :   941-98  coirf^«/. 

^^ots.  The  content  in  malt  buthels,  may  be  found  by  a  simila^ 
prooest. 

2.  The  top  diametw  of  «  guile-tun  Is  60  inches^ 
the  bottom  diameter  40  inches^  and  the  perpendicular 
depth  74  inches ;.  what  is  the  content  in  ale  gallons  ? 

Ans,  522,11S  ale  gallons. 

3,  What  b'the  content^  in  malt  bushds,  of  a  vessel 
whose  top  diameter  is  40  indiesif  bottom  diameter  36  in- 
ches^ jBid  depth  53  mdbesf  Ane.  27.449  mtdt^mshels. 


PJiOBI,EM  IX. 

To  Jind  the  content  of    a  vessd  in  the   form 

of  a  prismotd^ 

EDtE, 

%  the  Pen. 

^  To  the  sum  of  the  areas  of  the  two  ends,  add  fbur 
times  the  area  of  a  section  parallel  to,  and  equally  distant 
from  both  ends ;  multiply  this  sum  bv  the  perpendicular 
depth,  and'^  of  the  product  will  be.  the  content  in  cubic 
inches.  Divide  this  content  by  282  for  ale  gallons,  231 
for  wine  gallons,  and  2150.42  for  itialt  boslielsb 

NoU  Iv  The  Ittgth  ef  Ibe  midde  flection  is  equal  to  half  the  sum  of 
the  Iengtk0>itf  tntvo  aalB;  and  its  breadth  \$  equa|  to  half  the  sum 
of  theur  br^thi. 

2.  If  the  ends  be  elliptica!,  the  transverse  diameter  of  (he  middle 
section  will  be 'equal  to  half  the  sum  of  the  transverse  diameters  of 
the  two  ends ;  and  the  conjugate  diameter  equal  to  half  the  sum  of  the 
conjugate  diameters  of  the  two  ends. 

i  If  one  end  be  an  ellipse  and  the  other  a  drcte,  add  the  trans\'erse 
the«U^itioal  aid  io  the  diameter  of  the  circular  end;  and 


Hnno&ATiaH  «*  totto*. 


'.irtbeaqMMgCtbctUMHMofidnl*  be  muItipUoi  b;  .9854. 
prDduct  will  be  tbe  wM  in  iquiia  iocba ;  and  if  tlii  ncuogto  of 
iTo  dianwtcn  of  on  ellipK  bt  multiplied  bjr  .7S5K  Dm  induct 
be  the  tM  in  a)use  itwbM    (9m  rMUma  XIII.  md  XVI^ 

11V.( 

SCHOLIUM. 
rhe  Kule  given  is  tins  Problem  for  a  prisnoitl,  is  very 
dj  demonstrated  in  Simiwoa's  Fluxions,  jm^  178, 
t  ^don  ;  and  alao  in  a  similar  manner  at  fK^e  302,  of 
lliday's  Fluxions. 

riiere  ia  likewise  a  very  el^ant  demonstxatioa  jpven 
Proposition  HI.,  Section  I.,  Part  IV.,  of  Dr.  Hutton'a 
n;uration,  third  edition,  in  which  it  is  shewn  to  be 
;  for  all  finsturas  wh^ver,  and  for  all  solids  wbow 
iliel  sections  are  similar  figures ;  and  Mr.  Fletcher, 
he  second  edition  of  his  Universal  Measurer,  Put  III., 
e  ,ii,  and  Mr.  Moss,  in  his  Gauging,  page  175,  third 
iun,  say,  that  it  is  nearb/  true  for  any  other  aoUd, 
iiever  may  be  its  form. 

EXAMPLES. 

.  Required  tbe  content,  in  ale  and  wine  fi;aIlons,  and 
t  bushels,  of  the  prismoidal  vessel  A  B  C  D  E  F  G ; 
length  A  B  of  its  bottcan  being  40,  and  its  breadth 
r  31  inches;  tbe  length  CF  of  its  Urp  53,  and  its 
iilth  F  £  25  inches,  and  the  perpendicular  depth  A  » 
Jicbes.^ 
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Here^ ^40x^1^^40,  the  area  rf  the  bottom:  and  5%x 
Sd=1300>  the  area  of  the  top  of  the  vesid. 

Alio  ^^^s^=46,  (Ae /eiigfA  tfihe  miMe  section; 

and  — -r — '=-^  :s28,  the  breadth  of  the  mddle  section: 

then  46  X  dS  X  4=  1058  x  4z=4SiSZ,Jbur  times  the  area  of  the 

mddle  section:  whence  (840+1300+4232) x-^=637Sx 

l<hr  65720,  the  content  in  cubic  inches  :  and  63720+282=: 
225.957,  the  content  in  alegailons:  63720-7-231=275.844, 
the  content  in  mine  gallons;  and  63720+2150.42=29.631, 
the  content  in  mait  bushels. 


By  the  Sliding  Rule. 

By  Problem  I!.,  Part  IV.>  find  the  areas  of  the  two 
ends;  and  also  the  area  of  the  middle  section.  Add 
the  areas  of  the  two  ends,  and  four  times  the  area  of  the 
middle  section,  together ;  then  say,  as  six  on  A,  is  to  the 
sum  of  these  areas  on  B ;  so  is  the  perpoddiciilar  depth 
•n  A,  to.  the  content  on  B, 

Ale  Gallons. 

On  A.  On  &      On  A.    On  B. 
4^282:     46     :;    23     :     3.75  area  qf  the  nnddksecticn. 

4  muUipUf  bgfonr. 

1  S.OOfour  times  the  isrea  of  ditto* 

A.  9M-  5^*1  ••  y^^l  -  l*-6^  area  of  the  top. 
-^^  ***  •  1 40  j  •  •  1 21  j  •  1 2.98  area  of  the  bottom, 

22.59  sum. 


As  6  :  22.59  : :  60  :  225.90  conterU. 
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JFine  Gallons. 

OnA.  OnB.     OnA.      OnB. 
mi    46     ::     23     :     ^5%armqfihemUUUenelkm. 

4  nmltiply  hyfimr. 


1  S.92  four  Hmes  the  area  qfdiita. 


m'l^^X  ••  J^^l  .  J 5.6S  area qfihe U)p. 


area  ^  the  bottom. 


27.59  JttSI. 


^*6 :  27.59  ::  60  :  275.90 cawtoii. 

^'ote»  The  content  in  malt  bushels  may  be  found  bj  a  similar 

xss. 

^  The  lei^th  and  breadth  of  the  bottom  of  a  vessel 
:Iie  form  of  a  prismoid^  are  42.5  and  88.4 ;  the  length 
I  breadth  of  the  top  54.6  and  42.2 ;  and  the  depth  54 
hes ;  what  is  the  content  in  ale  gallons  ? 

Ans,  375.395  ale  gallons. 

I  The  length  and  breadth  of  the  top  of  a  dstem,  in 

form  of  a  prismoid^  measure  70  ana  56 ;  the  length 

I  breadth  of  the  bottom  66  and  53.S ;  and  the  depth 

inches  ;  what  is  the  content  in  nudt  bushels  ? 

Ans.  H3.345  mall  bushels. 
k  The  perpendicular  depth  of  a  vessel,  in  the  form  of 
finstum  of  an  eUiptical  cone,  is  46.8  inches;  the 
nsverse  and  conjugate  diameters  of  the  bottom  mea- 
e  49.6  and  37.8  mches;  the  transverse  and  conjugate 
meters  of  the  top,  67*2  and  50.4  inches ;  required  the 
tent  in  ale  and  wine  gallons? 

ins.  The  content  is  838.099  ale  gallons,  and  412.744 
e  gaUans. 

>.  The  perpendicular  depth  of  a  vessel  with  an  ellip- 
d  base  and  a  circular  top,  generally  called  a  cylindroid, 
>2.6  inches ;  the  transverse  and  conjugate  diameters  of 
bottom  measure  6I.6  and  46.2  inches ;  and  the  dia« 
ter  of  the  top  measures  42.6  inches ;  required  the  oon« 
t  in  ale  and  wine  gallons  ? 

ins.  The  content  is  ^39.716  ale  gallons,  and4$l^7l9  mne 
Ions. 

S 


I 
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Remarks. 

It  is  evident  that  the  middle  section  of  Ibe  iyl&dhnd, 
in  Ae  hat  queMion,  caniftt  be  a  true  ellipse,  bedtose  die 
top  of  the  vessel  is  a  drde ;  consequently,  the  area  of 
the  middle  section  cannot  be  correcdy  found  by  the  Role 
for  the  ellipse. 

Now,  asVe  have  not  the  truis  area  of  the  .middle  sec- 
tion, the  content  of  the  vessel,  found  by  the  Rule  given 
in  this  Problem,  is  not  hUUhematicalfy  correct ;  although 
it  is  near  enough  the  truth  for  all  practical  purposes. 

If  the  true  areas  of  all  die  horizontal  isections  of  am/ 
vessel  can  be*  obtained,  either  by  equi-distant  ordinates,  as 
directed  In  Problem  XX.,  Part  IV.,  or  by  aily  other 
method ;  then  the  Rule  given  in  this  Problem,  will  five 
very  nearhf  the  tklie  cohteht  of  the  vessel.  (See  the  rare* 
gomg  Scholium.) 


if^ROBLEM  X. 

To  find  the  content  of  a  vessel  in  (he  fofrm  of  a  sphere 

or  globe. 

RULE  I. 
B^  the  Pen. 

* 

Multiply  the  cube  of  the  diameter  hy  .5^36,  and  the 

Sroduct  wiU  be  the  icohtent  in  cubic  indies;  which 
ivide  by  282,  231,  and  2150.42,  and  the  respective  quo- 
tients will  be  the  content  in  ale  and  wine  gallons,  and 
malt  bushels. 

RULE  II. 

Multiply  the  cube  of  the  dlami^ter  by  :(XM8567,  .0()227, 
Snd  .000243,  or  divide  it  by  558.58,  441.18,  kild  4107; 
and  the  respective  products  or  quotients  will  be  "ftue  con- 
tent hi  ide  and  wine  gallons,  and  malt  bu^eb. 

Note  1.  Ab  every  qtheie  ia  equal  to  two-thizds  of  its  drcuxnacribuig 


mda,  it  ii  evident  Ibu  j  of  the  drcutar  mult^illan  wID  b«  the 

]llipliRi  Hw  ■  iptiete,  u  g]]^  In  Ibe  1««  Ral*. 

rbe  dfiivn  for  a  ipheie  moat  alao  be  to  the  Mme  lalia,  but  in- 

«lr ;  bence  |  of  the  dicuta^  dfaibon  will  be  the  diriHn  te  a 

eie,  u  gfrqi  in  the  np>e  Rule. 

'.  Tbt  ^uee-points  fbr  a  aptiere  are  obtained  b;  extiactii^  the 

ire  RMS  c/Uie  diTlaon  i  and  an  foiind  to  be  At  tor  ale,  tl.O  to 

e  galloph  ap^^l  fbr  nwlt  buib«l*. 

.  Venek  in  the  tunn  of  a  *pbere  or  globe  nc  tridom  IBM  with  im 

ciini  and  when  the;  are,  it  ii  nident  th«j  muM  have  bung-holca 


.  What  is  the'  content  of  the  apheri<al  veuel  A  B  C  D. 
lie  and  wine  gallms,  and  mau  buiheli ;  if  the  inner 
meter  A  C,  mca^rq  53i  mi^C^i 


By  Rule  I. 

'ere  52»  =  52x53x5*=:  1*0608,  the  tmbe  qf  the  dia- 
r;    and   140^8 X  ■53S6=7S62S^488,    the   content   m 

inches;  (A«.^^^^^=?61.072,  the  content  in  ale 
ns;  Z?^?iHl=sl8.71I,  the  limtent  in  wine  gal- 
!  and,  '[^^^—=8iSS6,  the  cumtenl  in  maU  butheU. 
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j 

By  Ride  IL 

By  Mulliplicatioju 

Here  140608 x. 001 8567=261 -0668736,  the  content  i 
ale  gallons;  140608x. 00227=819.18016,  the  content  \ 
wine  gallons  ;  and  140608  x  .000248  r:  34.167744,  the  coi^ 
tent  in  malt  bushels* 

By  Division. 

Here  140608-r538.58=:26l.071,  the  content  in  ale  ga 
Ions;  140608^441.18=318.708,  the  content  in  wine  ga 
Ions;  and  140608-7-4107=34.236^  the  content  in  ma 
bushels. 

By  the  Sliding  Ride. 

As  the  gauge-point  on  D,  is  to  the  diameter  on  C  ;  ^ 
is  the  diameter  on  D,  to  the  content  on  C.    (See  Note  2.1 

OnD.    OnC.    On  D.      On  C, 
(23.21  (Q61.07  ale  gallons. 

As{  21.0  Y   :  52  ::  52  ;   -{318.71  nnne  gallms. 
(64.1  J  (  S^M  malt  bushels. 

Note.  The  content  of  a  sphere  may  also  be  found  by  saying*  As  ti^ 
circular  gauge-point  on  D,  is  to  two-thirds  of  the  diameter  on  C ;  ^ 
is  the  diameter  on  D,  to  the  content  on  C.       ■ 

2.  Required  the  content  of  a  spherical  vessel,  in  alj 
gallons;  when  the  inner  diameter  measures  116  inches? 

4ns.  2B9S.17^  ale  gallons 

3.  The  inner  diameter  of  a  spherical  vessel  is  l6.1  in{ 
ches ;  what  is  the  ccmtent  in  malt  bushels? 

Am.  1.0H  malt  bMsids^ 

I  I 

Problem  xl 

To  find  the  content  of  a  vessel  in  the  form  of  the  stf; 

ment  of  a  sphere. 

RULEL 

By  the  Pen. 

To  three  times  the  square  of  the  radius  of  the  top  ^ 
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the  Teasel,  add  the  Mjiiire  of  its  depth ;  multiirif  this  nun 
by  tlw  d^ith ;  and  tfie  jproduct  fgwn  by  .SiS6,  and  ;oa 
mil  obtain  tiK  content  in  cubic  inches.  Divide  this  coi^ 
t^  ^  am,  $3h  uhI  ilSQ.^ ;  arid  the  (e^KCtire  quo> 
bm&i  ^  fy^  ibe  q(%nt  m  V«  ^  wine  ^opa,  aod 

4l««t  1-  A  I9*a4  tP  tlV  lin^  "t  ttw  •>Sin«U  '■/  «  qibm  m»  be 
|l^^  ^ith  the  ctmvtx  pirt  jitb^  upwsrdf  or  <Sowa^vd(.  If  ibe 
conva  pan  be  placed  up<Mhlf>  the  vend  inmt  cvidenlW  hire  ■  hing* 
Ixdc  at  tbe  lop;  but  If  tba  tmkI  b«  placed  whh  tbt  ewiTn  pnt 
(knnnratda,  tt  ma;  be  opn  at  tha  lopv  ar  Id  the  IbllowlRg  figure. 
(See  PtoUemi  V.,  VIL,  and  ZVIL) 

t.  When  a  raaad  in  t£c  'fonn  1/  tha  KgnMot  of  a  qAcra,  b 
daced  <ritb  ita  Hwex  pan  upmnla ;  it  fa  ^vUept  thai  tita  part  wUcb 
fa  dencaunatcd  ibe  lop'fif  tile  veoel,  In  th^  abcve'  Rule,  lioi  baocane 

BULB  ir. 
T?  tha  «yure  qf  the  dumetfc  of  th4  top  tff  tbe  vessel, 
idd  ths  sqtfw^  of  the  dipth,  i)ad  oqe^hifd  of  the  Mine ; 
this  sum  being  multiplied  by  half  the  depth,  and  the 
product  divided  b;  359-05,  S94.I2,  and  S738,  will  give 
the  content  in  ale  tad  wine  gallona,  and  malt  buahels. 

M^  1,  Both  tbe  fiiTesmDg  Ruka  a^  trvt  wtten  the  lunitiit  u 
gmtra  t&an  a  send-sphoeT  ' ' 

t,  tbt  altitude  of  the  nmalaing  Kgmcnt  may  be  Ibund  by  dividing 
tiie  manic  Df  A  9  I7  P*.    tfiM'IbfiHlH  fipirei    tfld  alw  Thcoran' 

IX.  wjd  ¥«.,  Pm  f^.^ 

KXAHPLEq. 

1.  The  dian)^ter  A  B,  of  the  tpp  of  a  vessel,  in  the 
Uxm  of  the  segment  of  a  mtherei  measures  ISO  inches, 
snd  the  perpoimcular  depth  C  n,  24  indies ;  what  is  the 
content  m  ale  gallona  ?, 
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By  Rule  L 

Here  60^  X  S  =  S60  x  S =10800,  three  times  the  square 
half  the  diameter  of  the  top;  also,  M^  =z 576,  the  squd 
of  the  depth;,  then  ( 1 0800 + 576) x 24 x.52S6= 113761 
24 x.52S6rr 273024 X. 5236=^142955.8664,  the  canieni  i 
cubic  inches;  hence  142p55.3664-r282=: 506.988,  the  c& 
tent  in  ale  gallons, 

§ 

By  Rule  IL 

Here  120x120=14400,  the  square  of  the  diameUr  \ 

the  top;   and  24 x  24=576,  the  square  of  the  depth  /  al^ 

576 

-—=192,  onC'dhird  of  the  square  of  the   depth;    the 

(14400  +  576  4  192)  X  12  =  15168  X  12  =  182016/  an^ 
1 820l6-r 359*05  =:  500.997>  the  content  in  ale  gaUms. 

By  the  Sliding  Rule* 

By  Problem  XIII.,  Part  IV.,  find  the  area  of  the  se^j 
moif  s  base  or  top ;  and  also  the  area  of  a  cirde  equal  w 
diameter  to  the  segment's  height  To  the  sum  of  these 
two  areas  add  one-mird  of  the  latter  area;  multiply  the 
sum  thus  obtained  by  one^half  of  the  height;  and  the 
product  will  be  the  content. 

Note.  This  method  ai  hiding  the  oonteot  bf  the  SUcUng  Rale,  is 
founded  on  Rule  II. 

OnD.     OnC.      On  D,         jDnC. 

>l^i«a^     •     1     ..    p20)   .  J  40.10  area  of  the  top. 
AsJb.95     .     I     ..    I  g^l  .  ^  1.60  dittoof  a  circle. 

.53  one4hird  ofMo- 

42.23  sum  in  ale  gallm- 

Oh  A.       OnB,    On  A.       On  B. 

As  1     :     42.23  : :  12     :     506.76  content  in  ale  galhm. 

Note.  The  content  in  wine  gallons  and  malt  bushel^  may  ^  ^ 
tained  by  a  similar  process. 
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i.  The  diameter  of  the  top  of  ■  tcsmI,  in  the  farm  of 
the  s^^ent  of  a  ipbere,  meamre*  48  inche*,  and  it* 
dqAb  21  indtes ;  what  ia  the  contoit  in  irine  gallana  i 

Ant.  10S.2ii  wimt  gaUau. 

3.  The  altitude  of  a  s^ment  of  a  sphere  ia  15  tnchet, 
mi  the  diameter  of  the  base  S8  indies ;  what  ia  the  ood- 
tent  in  malt  twahda  ?  Jnt.  4.777  mall  hma/teh. 


PROBLEM  XII. 

To  find  the  coHtent  of  a  vetttl  in  tke  form  of  the  fi-ut' 
turn  or  tone  of  a  gphae. 

RULE. 
By  the  Pen. 

To  half  the  sum  of  the  squares  of  the  two  diameters, 
add  I  of  the  square  of  the  depth  of  the  vessel ;  multiply 
the  nun  W  the  depth ;  and  divide  the  product  by  S&9.05 
Tor  ale  gnlfons,  S94.1S  for  wine  gallons,  and  S736  fi>r  malt 


1.  What  is  the  content,  in  ale  gallons,  of  the  vessel 
ABCD,  in  the  form  <€  the  frustum  of  a  sphere;  the 
bctton  diameter  A  B  being  4&  inches,  the  tc^  diameter 
C  D  36  inches ;  and  the  peipeodicular  depth  m  n  SO  in- 
ches? 


9^0  WAexfGAi,  9AP«*w»'.  ('^H  V 

Here  «l±!^=l_7?i±.^J96^S^  _  ,,3^  .  ;^  ^^ 

ram  of  ike  squares  of  the  two  diameteKs;-  asid  Sa^  }c$=9( 

180(X 
X  f  =:-:^==6D0,  twihifiir^  qf  ih^  igi^wr^  ^%  depl/i 

then  }5SO+600xSO=21SOx  80=63900/   ar^  SsgOO^ 
359.05  =  177.969^  the  content  in  ale  gallons. 

Bu  the  fiUfti^g  f^e. 

By  Problem  VIIL^  Part  11,^  find  t^e  squares  of  th 
diameters  of  the  two  ends^  and  also  Uie  square  of  t^ 
altitude.  To  half  the  sum  of  the  squares  of  the  diame 
ters,  add  two>thirds  of  the  square  of  the  altitude ;  then 
say.  As  the  circular  divisor  ^  A>  is  to  this  sum  on  B ;  » 
is  the  altitude  of  the  zone  on  A,  to  the  content  on  B, 

Nifte.  This  method  of  obtaining  the  coiitent  by  the  Sliding  Rule,  i 
founded  on  the  pieceding  ilule»  given  for  the  Pen. 

JanD.  OnC.    OnD.    On  C. 

J*  1   •  1    ••    i^^l  •  i^f^'^thesq.qfihfgreaip'diameiei^ 

As\   .1   ..    [sgI^X  im  the  U  Of  tl^fmdUto. 

2)3060  sunu 

1530  half  the  sum. 


OnD.  OnC.    OnD.  OnC. 

Asl  :    1    ::    30    :     900  the  square  qf  the  aUitu4e. 

3)!§00 

600  twoUhirds  of  ditto. 
Add • 1530  brought  4onm. 

2130  sum. 


On  A.    On  B.  On  A.  On  B. 

As  359.05  :.2130  : :  so  ;  177-92  Ae  content  inategaUm^ 

Note   The  content  in  wine  gallons  and  m^  bushes  may  be  found 
by  a  similar  process. 


(part  v.)         hemsuhation  or  bolidb.  SOI 

3.  Whst  is  the  cmtetit,  in  wine  galloiu,  of  k  vsbmI  in 
the  ibrm  <^  the  frustum  cf  ■  Bphere ;  the  ffreater  dia- 
meter being  57  inches,  the  lea*  diametCT  80  indies,  «nd 
the  depth  18  inches?  Am.  123.500  ffmf^ioM. 

8.  The  top  and  bottom  diameters  of  the  fhistum  of  r 
sphere  ore  £4  and  25  inches,  snd  the  altitude  20  indw* ; 
what  is  the  content  in  malt  bushels  ? 

Am.  6^84  aaU  butkd*. 


PROBLEM  Xm. 

To  find  the  content  of  a  veutl  in  the  form  of  a  prolate 
spheroid. 


By  ike  Pen. 

Multiply  the  square  of  the  conjugate  diameter  by  the 

trensveree  diameter;  aod  divide  the  product  by  538.58 

for  ale  gallons,  441.18  for  wine  gallons,  and  410?  for  malt 

bushels. 
JfaUl.  A  sphenM  Is  eqiwl  to  |  of  Its  circumscriMng  cylinder; 
I,  and  giuge-poinU,  lie  u*ed  for  the 


q^KToid  thotBre  uaed  tbr  Ibe  (pfaere.     (See  Problem  X.) 
i.  Veawla  in  the  fonn  of  an  ablate  spheroid  are  n ' 


1.  What  is  the  content  ofthe  spheroidal  vessel  ABCp> 
in  ale  gallons ;  the  transverse  diameter  A  C  being  54  in- 
ches, and  the  conjugate  diameter  B  t>  38  inches  ? 
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586(! 
Bepe  38  X  38  X  54  cr  1089x  54  =  58806/  then  -— --^ 

do8<4 

»)09.187>  <Ae  iXMi/^  til  ofa  galknu. 


By  the  Sliding  Ruk. 

Aa  the  gauge-point  on  D,  is  to  the  transverse  diameU 
on  C ;  so  is  the  conjugate  diameter  on  D^  to  the  coi 
tent  on  C. 

On  D.  On  C.   On  D.   On  C. 

As2$.19  :  54  ::  33  :  109.19  the  content  in  ok  gaUom. 

Note  1.  The  content  in  wine  gallons  and  malt  bushds  maj  t 
found  in  a  similar  manner. 

i.  The  content  of  a  spheroid  may  also  be  found  by  spying.  As  th 
circular  gauge-point  on  D,  is  to  two-thirds  of  the  transverse  diamete 
on  C ;  so  is  the  conjugate  diameter  on  Dj  to  the  content  on  C. 

2.  Required  the;  content^  in  wise  galIo9s»  of  a  ^pherojc 
Vfhose  t^an»va^  4^^H»i?ter  is  72.5^  a^d  coejuga;^  56  iaj 
ohea-^  ilfif.  515.8^5  »tn^ 

3.  If  the  transverse  diameter  of  a  vessel^  in  the 
aspheroid^  be  48  inches^  an4  the  oonjugat^  4^  inches! 
vhat  is  ttiQ  wisk\mt  id  mat  I^usb^  ^ 

Am.  30.616  maH  huskk 

Remark. 

The  content  of  a  vessel  in  the  form  of  a  prolate  semi 
roheroid,  inay  be  found  by  the  fdfowing  mi6 :  li^ltiply 
the  square  of  die  diameter  of  the  bas6  by  die  perpen- 
dicular height;  divide  the  product  by  5S8.58,  441.1^ 
and  4107 ;  and  the  respective  quotients  will  be^  the  con- 
tent of  the  vessel,  in  ale  aniji  wine  gallons,  and  malt 
bushels. 

Note*  Any  diameter  parallel  to  the  hose  of  a  vesseU  in  the  form  eft 
a  prolate  semi-spheroid,  may  be  found  by  the  following  Shiie :  To  the 
altitude  of  the  given  vessel,  add  the  distance  between  its  base  and  the 
required  diameter ;  and  from  the  altitude  subtract  the  said  distance; 
multiply  the  sum  by  the  remainder,  and  extract  the  square  root  of  the 
product.  Then  say,  wk.  twice,  the  altitude  of  the  given  vessel,  if  to  the 
diameter  of  its  base ;  so  is  twio^  |^  above  root,  to  the  diameter  re- 
quired. 


UBWsssAneM  of  mlids. 


PROBLEM  XIV. 


id  the  content  of  a  vettel  tn  the  form  of  tke  middle 
JruHum  of  a  prohte  tpKtroid. 


%  tHe  Pat. 

twice  the  square  c^  the  middle  diameter  add  the 
'  of  the  diameter  of  the  tsid ;  multiply  the  sum 
e  length  of  the  A^stum;  divide  the  product  bj 
5,  and  S8S.56 ;  and  tife  req>ectiM  ^atifimti  will  be 
ntent  in  ale  and  wine  gallona. 
I-  1/  the  cnitcntlie  required  in  null  1»d)d>,  the  diirbor  will 


KSAMPLES. 

Vhat  is  the  cdhtetit  in  iile  And  vine  gsllbtis,  bf  the 
E  G  n  ^,  in  the  form  of  the  middle  fVuetuin  of  a 
?  sphOTttid ;  the  middle  diameter  C  D  b^g  36, 
uneter  of  the  end  E  F'or  G  H  27,  and  die  len^ 
)indieif 
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Middle  diameter. 

Inches. 
36 
J6 

216 
108  , 

1296  sqitare. 

2 

2592  twice  the  sq.  of  the  middle  diam. 
27x27=     729  the  square  <^the  end  diameter. 

3321  sttm. 
40  the  length. 

Divisor  1077.15)132840(123.325,  the  content  inakgalL 

Also,  132840-7-882.36  =  150.550,  the  content  in  wine 
gallons. 

By  the  Sliding  Rule. 

Multiply  the  difference  between  the  middle  and  aid 
diameters  by  .68,  when  that  difference  is  less  than  6  in- 
dies, but  by  .7,  when  it  exceeds  6  inches;  add  the  pro- 
duct to  the  less  diameter,  and  the  sum  will  be  the  mean 
diameter;  then  say,  as  the  circular  gauge-point  on  D,  is 
to  the  length  on  C ;  so  is  the  mean  (uameter  on  D,  to  the 
ooDtent  on  C. 

Note.  The  multipliers  given  in  this  Problem,  and  some  of  the  fill* 
lowing  Problems,  are  the  same  that  are  used  in  Cask  Gauging,  in  order 
to  reduce  casks  of  different  varieties,  to  cylinders  of  equal  capacities, 
by  finding  mean  diameters. 

€>n  A.    On  B.    On  A,   On  B. 

^*  1     :     9     ::     .7     :     6.3  the  product. 
Addn 27.0  the  end  diameter. 

SS.S  the  mean  diameter. 


OnD.    OnC,    On  D.       On  C. 

18.951-.        ..  QQo  •  J  nS.32  ale  galhns. 
17.15/  •  w  ..  33f  •  \150.55  nine ^lons. 
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Required  the  amtent  in  ate  aSkoB,  of  a  vessd  in 
form  of  the  middle  finistam  of  a  prdale  q>beroJd  ; 
iiameter  of  each  end  being  20,  the  wiHi^V  diameter 
md  the  peqpendicular  depth  25  inches? 

Am.  S&OStO  aie  gallatu. 
Suppose  the  head  diameter  of  a  sphenndal  cask  be 
;he  bung  diameter  35,  and  the  lensth  38  inches; 
is  the  content  of  the  cask  in  wine  gulons  ? 

Ans*  14£272  mne  gaUom. 

e.  This  question  Is  also  given  in  Problem  XIX.,  where  the  eon- 

fcmnd  to  be  the  same  as  abovCi 

The  diameter  of  each  end  of  a  vessel  in  the  form  of 

ustum  of  a  prolate  spheroid,  is  40  inches,  the  mid* 

iameter  52  inches  and  the  depth  58  inches;  what 

content  in  malt  bushels  ?     Ans,  49.484  mali  huikdi. 

Remark. 

e  content  of  a  vessel  in  the  form  of  half  the  middle 
un  of  a  prolate  spheroid,  may  be  found  by  the  fol- 
g  Rule:  To  twice  the  square  of  the  greater  diame- 
Id  the  square  of  the  less  diameter ;  midtiply  die 
by  the  perpendicular  depth ;  divide  the  product  hy 
^5,  882.36,  and  8214;  and  the  respective  quotients 
be  the  content  in  ale  and  wine  gallons,  and  malt 
'Is. 

may  also  be  observed,  that  if  the  content  thus  found, 
btracted  from  the  content  of  the  semi-spheroid,  the 
nder  will  be  the  content'  of  the  segment  of  the 
spheroid,  cut  off  by  the  less  diameter  of  half  the  mid- 
rustum.  (See  the  Remark  at  the  end  of  the  kit 
em.) 

IPROBLEM  XV. 

\nd  ike  content  of  a  vessel  in  the  form  of  a  para' 

holie  spindle. 

RULE. 

By  the  Pen* 
iHiply  the  square  of  the  middle  c^ameter  by  the 


kiigifaaf  the>{nndle;  and  that  snduct  being  divided  1 
SrA»»,  »5I.i8,  «o4  5133.70,  wiU  give  ttw  ooMeM  ia  e 
sod  wide  galloni,  aad  Malt  bwsluii. 

A'ale  1.  A  paiobolfc  s^nde  b  «qual  to  ^  of  Its  dtVunUcrihi 
ijUuJai  taHesfl)*  AondiTisroa  are  obtained  by  mulliplying  the  c 
culv  «viMtn  SM.05,  2»4.I),  ami  f  7S8,  l)^  Ifi,  ad  «Tidi^  the  pi 
ducts  t^  8 1    or  bf  multi|i]fiDg  the  circular  diviwm  bf  I.STJ,  which 


KXAMPLI5. 

1 .  The  le^:th  A  B,  ef  K  v«Md  in  the  fonu  of  A  psnbol 
spiadle,  i*  7^  and  Ae  nddle  diMnetair  C  D  S8  mches 
yrhtx  ia  d»  cMMent  m  tie  galkna  i 


Here 28x28=784,  (A«  tquare qf  the  oiMk  diamtter . 
Hud  ^94,  x10't:^&*^^0,  the  square  tfihe  diamOer  mUHptita 
^  the  lengthi  then  54»&0-^&tSA%'S9l.5\B,  the  amieni 
in  ale  guUont. 

By  the  Sliding  Btde. 

As  tbegmuge-point-oD  D,  i*  to  tibe  length  on  C;  so  ii 
the  middle  diameter  on  D,  to  the  content  on  C 

On  D.      On  C      On  D.     On  C 

At  25.9     :     70     : :    as     :     81.52  ale  gaUomt. 

2.  The  length  of  a  \eusi  in  the  fonn  of  a  parabolic 
ipindle  is  65  inches,  and  its  middle  diameter  S4  inches ; 
what  is  its  content  in  wine  gaBons  f 

Ant^  &I.99O  mmgagm- 


(PAKV  T.)  XSanBATlOM  0>  HUM. 

3.  The  len^  of  »  vmm 
f^Hudle  is  150  mcha,  mi  its  middk  d 
what  ia  its  content  in  nsh  biubds? 

Am.  91.6X8  smA  AmmM^. 

PROBLEM  XVI. 

Tojind  the  etmtmt  tf  a  wtel  in  tite  form  ^  Ht  mMh 
fitutum  cf  a  parabotie  ipimdU. 


Add  8  times  the  BqnaM  <f  the  middle  djamtter,  S 
times  the  sqnsre  of  the  end  diameter,  and  i  times  the 
product  of  those  diameters  into  one  snm.  Hohiply  this 
mm  by  the  length;  divide  the  pcodnct  by  SS85.75, 
441 1.80,  and  41070 ;  and  the  idpectiTe  quotients  will  be 
the  txmteat  in  ale  and  vine  gallons,  and  malt  btuliels. 

tfale  1.  A  oA  io  the  tonn  at  Che  middle  fhistmn  of  a  parabolic 
■pbidle,  I>  caUed  •  csak  of  the  lami  laHelg. 

S.  Tl«  hinciiig  ttrtan ■■  ftxa^  tf  multipljtiig  the dccnlv  divi- 


1.  The  len^'A  B  of  tb«  vcmel  E  G  H  F,  in  the  (br 
oS  the  middle  fivstmn  of  »  ponbc^  spindle,  measures 
40j  the  middle  diameter  C  D   S6,  and  the  end  diameter 
E  F,  or  G  H,  S7  inches ;  what  is  the  content  in  ale  and 
wine  gallons? 
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MiddU  Diameier.  End  Diameter. 

^   Inches.  Inches. 

36  «7 

S6  g? 

216  189 

108  54 


1296  MtMzre.  729  ^5««rf. 

8  3 


10368  cfgA/  /fwc*  Ihe  square.     2187  /Arec  <tffie*  the  square. 


The  two  Diameters. 

Inches. 

36 

27 

252 
72 

972  product. 
4 

3888^^Nfr  Hmes  the  product. 


10368  esgA^  times  the  square. 
2187  ^Aree  tirnes  the  square. 
3SSS  Jbur  times  the  product. 

16443  sum. 

40  the  length. 

657720(122.122,  the  content  in  ale  galkmt. 


Divisor  4411.8)657720(149.082^  the  content  in  wine  gaOons. 

By  the  Sliding  Rule. 

Multiply  the  difference  between  the  two  diameters  by 
•62,  when  that  difference  is  less  than  6  inches^  but  by  .64, 
when  it  exceeds  6  inches;  add  the  product  to  the  less 
diameter,  and  the  sum  will  be  the  mean  diameter;  then 
say.  As  ihe  circular  gauge-point  on  D,  is  to  the  length  on 
C ;  so  is  the  mean  diameter  on  D,  to  the  content  rni  C 


^117. 
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Or  A.   On  B.     Oft  A.      OnB. 

itrl     :     9     ::    •tM     :    5.76 tke proAicL 

Add.^^,.^.^...^.^..^    27-0  /fatofd&HWter, 

OnD.       OnC.    OnD.        OnC. 

17.15  J    '  *  ••   '*-^''  •  \  140^  »tii« ^jflfiwa. 

Naie.  Here  the  contents  found  by  the  Rule  arc  two  ale  gallons,  and 
two  and  a  half  wine  galkns  len  than  tfioae  found  by  the  Pen.  Thcfe 
diaaewwaaiiae  Inm  the  meaa  djaaiiler  hpi« 

2.  Thr  Itad  dimeter  of  a  wuk,  m  the  §mm  ^  lh» 
mUdfe  ftiMtom  of  apmboftic  tpindk^  kM  iMbM^thr 
bung  diameter  27  inches,  and  the  la^  80  indies;  what 
is  the  content  in  ale  and  wine  gallons  ? 

Ana.  50.808  ale  gaUons,  and  6S/^%  wine  galioM. 

3.  The  top  diameter,  and  also  the  bottom  diameter  of 
a  veasd  in  the  form  of  the  middle  frostam  of  a  parabolic 
spindle,  measures  20  inches,  the  middle  diameter  25  in- 
dies, and  the  depth  27  inches ;  what  is  the  content  in 
malt  bushels  ?  Am.  5.890  nuiU  buikeii. 

PROBLEM  XVII. 

To  find  the  content  of  u  vessel  ta  the  form  of  a  para-^ 

bolic  conoid. 

BULB. 

JBl^  ikf  Pen. 

Multiply  the  square  of  the  diameter  of  the  top  ^of 
the  vessil  by  half  the  depth;  and  divide  the  pwd^^  ^7 
359.05  for  de  pillons,  S94.»  ftr  wine  gallons,  and  2738 
for  malt  bushm.  ^     '  

iVote  1.  The  above  Rule  wttl  al»  |^  the  contant  of  the  sq^ment 

*^iT2?abcdoid  i»  equal  to  half  itgdaoimscribing  qrltod«^ 

vertex  either  upwards  or  downwards    If  placed  ^^*^*^L.^^^ 


psACTicAX  aAvsiHC.  (faet  1 

£a  height ;  sad  I 
diviun,  in  ocder  to  obtXiii  the  o 
■nd  XI.) 

4k  An;  diameter  parallel  to  the  base  (if  »  void,  in  tiie  (bun  of 
ponboldd,  may  be  fbun)  by  the  firilowfi^  Bolet  From  the  perpet 
diculu  Bltitude  of  the  given  vend,  nibtnict  the  ^itinoe  between  i 
base  and  the  required  diameter ;  [uid  rewrve  the  nnuunder.  The 
saj,  as  the  popendieular  altitude  of  the  given  *e«iel,  is  to  the  aqim 
of  the  diameter  of  it«  base  t  no  is  the  the  raerrKl  remaipder,  to  tt 
square  of  ihe  required  diameter.  UsDce  the  iquaie  not  of  this  nun 
ber  wilt  be  the  diameter  aoti^t, 

EXAHPLSa. 

1.  The  diameter  A  B  <rf  the  top  of  a  vessel,  in  the  fort 
of  a  panboHc  canind,  measurei  SS,  and  the  depth  C  m 
96  mmbe ;  That  ia  the  content  in  ide  and  wine  galkms? 


164 
656 
6724  square  of  Oe  diameter. 

M  Aa(f  the  depA 

fi379« 
86896 
JXvitor  259.05)382752(898.905  aUgaOau. 
DmiKT  294-12)822752(l097-a48  imae  jottM. 
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By  the  Sliding  Rule. 

As  the  drcuUr  gauge-point  on  D,  is  to  half  the  depth 
on  C ;  so  is  the  dioneter  of  the  top  of  the  ressel  on  D, 
to  the  content  on  C 

OnD.    OnC.     On  D.      On  C 
.518.957    .  AQ  ..  Qo  .  /  ^9S.9l  aU gaOotu. 
^'117.15]    •*»•.»*.   \log7.35wineg(Ulons, 

2.  The  altitude  of  a  vessel,  in  the  fonn  of  a  parabolic 
ooncHdy  is  4S  inches,  and  the  diameter  of  the  base  24  in- 
ches ;  what  is  the  content  in  ale  and  wine  gallons  ? 

Ans.  SSSSS  ide  gallons,  and  41.186  nnnegalimw. 

3.  Required  the  content  in  malt  bushels,  of  a  vessel  iki 
the  form  of  the  segment  of  a^  paraboloid,  the  depth  of 
which  is  18  indies,  and  the  diameter  of  ihe  top  24  in- 
ches ?  Am.  1 .893  mall  busheU. 

Remark. 

Vesseb  in  the  form  of  a  hyperbolic  oon<»d  are  sel- 
dom met  with  in  Practice;  if,  however,  the^  should 
occur,  their  contents  may  be  found  by  the  followmg  Rule : 
To  the  square  of  the  raoius  of  the  base  add  the  square 
of  the  diameter  taken  in  the  middle  between  the  base  taid 
the  vertex;  then  this  sum  being  multiplied  b^  the  depth, 
and  the  product  thus  obtained  by  .5236,  will  give  the 
content  in  cubic  inches.  (See  Nesbit's  Mensuration,  Frob. 
XIX.,  Part  VII.) 


PROBLEM  XVIII. 

To  Jitid  ihe  content  of  a  vessel  in  the  form  of  the  fruS' 

turn  of  a  parabolic  conoid, 

RULE. 

By  the. Pen. 

Multiply  the  sum  of  the  squares  of  the  top  and  bottom 
diameters  by  the  def^  of  the  vessel^  divide  the  product 
by  718.10,  588.24,  and  5476;  and  the  respective  quo- 


»s 


PKACnCAZ.  aABOtMS. 


(pArr  ..) 


denta  will  be  the  content  in  ale  and  wine  gallons,  and 
malt  bushela. 

JVbte  I.  The  forgoing  divtim  an  obbdned  by  multi[diring  tbe  cir- 
eutor  diTiKri  bj  tHo. 
,  2.  If  tkc  frununa  <£  two  equ*t  psratwbuda  be  jiiiMd  K^nher,  ai 
Ibeir  greater  ends,  the^  will  form  a  figure  wbich,  by  GMiggn,   is  called 
■  cask  of  the  thirj  variitg, 

l;^  T/ucvtoa  IMiipagt  tkotdd have  a^mni  am  pagtlSBf  and  thai 
mpagr  199  ^imM  have  beea  iaterttd  oa  thitpage;  Iheinvtahe,  4ovntr, 
1KU  met  dtKODcred  until  pagt  199  muprimed. 

■ZAHFLEB. 

'  l.BequiredtbecDntentof  tbepKrabolfcfhKtbm  ABCD, 
in  de  and  wine  gidlons,  and  nudt  buabeb;  Ac  dianKter 
A  B  of  the  bottom  bnng  40  indies,  tlie  ^Mneter  D  C  of 
the  top  90  inchM,  and  the  ptfpendicular  depdi  m  n  18  in> 
ches  f 


Tke  top  Samper. 
Incka. 


SO 
30 


40 

40 


900  jjwirv.  l600  tqiutre. 

^=  goOignore. 

SSOOmx. 

ISd^k. 

80000 
2500 
JKvMor  718.1)45000(68.665  ale  gatltMu. 
Alto,  45000-i-588.£4= 76.499.  the' contad  itt  wmt  gaU 
lotu!  a»4  i5QQQ'~&K6=8S17,Uu!afiiJenl  m  vutU  tmMt. 

By  the  Slidmg  RvU. 
Multiply  the  difference  of  the  two  ^ameters  by  .55, 


ST  V.)  MS17S17KATIOK  OF  SOLIDS.  SIS 


n  that  difference  is  less  than  6  indies,  but  by  .67, 
D  it  exceeds  6  inches ;  add  the  product  to  tlie  lets 
leter,  and  the  sum  will  be  the  mean  diameter ;'  then 
As  the  circular  gauge-point  on  D,  is  to  the  depth  on 
so  is  the  mean  diameter  on  D,  to  the  content  on  C. 

On  A.    OnB.       On  A.     On  B. 

^*1     :     10     ::     .57     :     5.7  the  product. 

Add 30.0  the  teu  diameter. 

35,7  the  mean  diameter. 


OnD.    OnC.        On  D.      On  C. 

i  63S  ale  gaUame. 
18    ::   S5.7  :   ^  78.0  fmiu?  ffl^!&M#. 

(    8A  mak  SuskeU. 


(18.95) 

^#^  17.15  V  : 

(  52.32  ) 


t.  Here  the  contents  found  by  the  Rule  exceed  thote  found  by 
en,  in  oooeequeiioe   of   th6  noMn  dlameier  being  a  little  loo 

What  is  the  content  in  ale  and  wine  gallons^  of  a 
-trni^  in  the  form  of  the  frustum  of  a  paraboloid;  the 
eter  of  tlie  greater  end  being  100  inches,  that  of  the 
nd  50  inches,  atnd  the  depth  5%  inches  ? 

Am.  97^^79^  ale  gallons,  and  1189*990  mne  gallons. 

The  head  diameter  of  a  cask  in  the  form  of  two 

frustums  of  a  parabolic  ccsioid  is  21  inches,  the 

diameter  S8    inches,  and  the  length  86  inches; 

is  the  content  in  ale  aoid  wine  gallons  ? 

Ans.  61.412  i^e  gallons,  and  74.969  i^fne  gallons. 

Remark. 

a  vessel  in  the  form  of  the  frustum  of  a  hyperbolic 
1  should  be  met  with,  its  content  may  be  found  by 
)llowing  Rule :  To  the  sum  of  the  squares  of  the 
ist  and  least  semi-diameters,  add  the  square  of  the 
e  diameter ;  then  this  sum  being  multiplied  by  the 
,  and  the  product  thence  arising  by  ,5236,  will  f^re 
intent  in  cubic  indies.  (See  Nesbit's  Mensuration, 
XX.,  Part  VII.) 


F&ACTICAL  SAIWnM. 


PRCXBLEM  XIX. 


To  find  the  contmt  of  a  circular  vKieL  vsien  ite  *itii 
are  a  little  curved. 

RULE. 

By  the  Pen. 

To  the  Bum  of  the  squares  of  the  top  and  bottom  din 
meten,  add  four  times  the  square  of  the  middle  diameter 
muldpV  this  sum  by  the  depth  j  divide  the  product  b; 
£154.8,  1764.7S,  aad  1642S;  and  the  re»p«etiTe  quo 
tienU  -will  ba  the  content  in  de  aid  wbe  galloBi.  an< 
maltbiufaela, 

JVote  1.  The  fbr^mngdinKin  ore  fiHiod  faj  multiplying  the  circula 
dlvjMn  by  lix. 
t.  Aa  v«^>  «f  tfab  kind  Mt  wMem  petftttly  nmA,  it  ia  bast  K 
t  ij^t  an^ea  to  «acb  other  j  and  take  hall 


3.  !%«  Rule  given  in  tbJsfrDMcBi  la  the  wn 
^van  In  rrofalan  IX.     See  tb*  SdioUum  h  tAM  IVolitan. 

4,  TUa  hofakm.  aod  aome  of  tbt  f«lla*rwe  PivUmwt  «IWM»  >>« 
carily  Kdved  by  the  SUding  RuIa 

EXAHPLES. 

1.  The  diametw  A  Bf  of  a  drcukr  vewel,  iiHawire*  68, 
the  diuneter  C  D  70,  the  diameter  EF  ^,  aad  iJw  depth 
mn  58  inches ;  what  is  tb*  ooiUeot  in  -Je  wd  «oe  gal- 
loni,  and  malt  bu^le  t 


BaMom  Utrntitr.    TijpitmmUr.  MuUk 

6S                           68  70 

fe                           69  70 

189                           544  4900MiMirv. 

378  408  J 

39^  gqua)^.            4624  f^ttsre.  igCOOjf.  mtifti^WWfy  4. 

3969  square.  — =- 

19600  sfuare  mulUpUed  bjf  4. 

S$198  sum. 
59  depth. 


225544 
140965 


DfVMor  2154.3)l635194(759.087ff/egii/bfi#. 

ili^  l685194-7-1764.72«=996.602,  the  amimU  m  mine 
l^Ukme^  and  l635194-rl6438s:99.537,  iheconient  m  mak 
iushds, 

2.  The  bottom  diameter  of  a  vessel  is  84,  the  fliiddle 
diameter  94,  the  top  diameter  81.5,  and  the  depth  52  in« 
ches ;  what  is  the  content  in  ale  and  wine  gallons  ? 

Ans.  1183.770  ak  gallons,  and  1^5,100  nnne  gallons. 

3.  The  head  diameter  <^  a  ndieroldal  cask  is  30,  tibe 
bung  diameter  S5,  and  the  lengtn  38  indies ;  what  is  the 
content  of  the  ca^,  in  ale  and  wine  gallons  ? 

Ans.  118.181  alegaUonSy  and  144.272  wine  gallons. 

Kate*  The  content  of  tUs  cask,  found  by  the  Rule  given  in  PknUem 
XIV.,  is  the  same  as  above. 

PROBLEM  XX. 

7b  find  the  ctMent  of  a  circular  vessel,  when  its  sides 
are  much  curved^  by  taking  jiise  diameters  at  eqmai  dis* 
tancesfrom  each  other i 

RULE. 

Bif  the  Pen. 
Add  into  tme  sam,  the  squares  of  the  Uip  and  boMdm 
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diameters,  twice  die  aquaee  of  the  middle  diameter,  ari 
four  times  the  sum  of  the  squares  of  the  diameters  talM 
at  one-fourth  and  at  three-fburtha  of  the  depth ;  multiM 
this  Eum  by  the  depth ;  divide  the  product  by  4308J 
S539-44,  and  S3856,  and  the  respective  quotients  will  | 
the  content  in  ale  and  wine  gallons,  and  malt  bushels. 

tfatt  1.  The  foregoiiig  diviana  are  found  bjrmultipljing  the  cirtill{ 
diris(H«  by  indve. 

!.  The  preceding  EuU  a  drdiiced  from  the  method  of  equl.dis(a 

"     ee,  described  in  Problem  XX.,  Pan  IV. 


t  of  any  vessel  of  an  ordinarv  size  maj  be  found  I 
thto  Problem ;  but  when  a  ves«e)  is  very  deep,  its  eide*  very  milC 
curved,  nod  great  accuracy  is  required,  its  content  must  be  found  t 
the  next  Problem. 


1.  The  diameter  A  B,  of  a  circular  vessel,  measures  51 
C  D  72.  E  F  80,  G  H  76,  K  L  65 ;  and  the  depth  in.n  4 
indies  ;  wliat  is  the  content  in  ale  and  wine  gallons,  an< 
malt  bushels  i 


Hert  «7'+65«  =  3249+*225=7474,  ihe  mm  of  Ik 
tquaret  tf  the  top  and  bollom  duimelers ,  SO^xS^SioOx 
£=12800,  iistce  the  square  of  the  middle  diamelfr  j  and 
76«+72''x4  =  5776+5184x4=10960>c4z:438«),  Jmr 
timet  the  turn  of  the  squares  of  the  diameters  laten  at  our- 
fourth  and  at  three-fourths  of  the  depth ;  then,  (7474+ 
12800+43840)  X  48  =64114x  48=3077472,- aiirf307747i 
'4-«308.6=  714^63,  the  content   m  ale  gailotui    307747^ 


)  HSKSUEATIOir  OF  SOLIDS.  flT 

$=871*94^>  the  (xmtaU  m  mm  gMmig  and 
T-S2856s93.666,  the  content  in  mak  bneheU. 
i  top  diameter  of  a  cticolar  gufle^nii  meHures 
ottom  diameter  46,  the  diamleter  taken  at  one- 
the  depth  68,  that  taken  at  tfavee-fourdis  of  Ae 
,  the  middle  diamfiter  68,  and  the  depth  60  in- 
lat  is  the  content  of  the  veisd  in  ale  gallons^ 

Ane.  665.572  nk  gdlone. 
i  tap  diameter  of  a  circular  mash-tun  measures 
bottom  diameter  86,  the  diameter  taken  at  one- 
'  the  depth  96,  that  at  three-fimrths  of  the  depdi 
middle  diameter  104,  and  the  depth  82  inches ; 
he  content  of  the  vessel  in  malt  bushels  ? 

Ant.  276.787  mak  bmshek. 

Remarks. 

ontents  of  Stills,  Still-heads,  Wash-Backa,  Spirit- 
i  every  other  curved  vessel  used  by  Victuallers, 
I  Brewers,  Distillers,  &c.  &c  may  be  found  either 
ir  the  following  Problem. 

Vash-Back  or  any  other  vessel  be  truly  elliptical^ 
3  of  the  horizontal,  parallel  sections  may  be  ob* 
)y  Prob.  XVI.,  Part  IV. ;  but  the  areas  of  the 
al  sections  of  oval  vessels  which  are  not  truly 
l^  must  be  found  by  the  method  of  equi-distant 
s  described  in  Prob.  XX.,  Part  IV.  (See  Prob- 
X.,  Part  III.,  where  a  method  is  given  to  deter«% 
lether  an  oval  %ure  be  greater  or  less  than  a  true 


PROBLEM  XXI. 

the  content  of  a  ciradar  vesael^  when  its  ndee 
ry  mtu:h  curved,  by  taking  a  competent  numhet 
U-distant^  paroUel  eeetione. 

RULE  I. 

Bg  the  Pern 

the  areas  of  as  many  equi-distant,  psraUel  sec^ 

U 
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tions  as  you  think  necessaiy^  by  multiplying  the  squaxi 
of  the  mean  diameter  of  each  section  by  .7854.        ' 

Then  to  the  sum  of  the  areas  of  the  two  end  secticHU 
add  four  times  tiie  sum  of  the  areas  of  all  the  even  sed 
tions,  and  twice  the  sonr  of  the  areas  of  all  the  od^ 
secticms^  not  including  the  sections  at  the  ends  ;  multipli 
the  sum  by  the  common  distance  of  the  sections  ;  difridl 
the  product  b^  three ;  and  the  quotient  will  be  tiie  ood 
tent  in  cubic  mches.  j 

Divide  the  content  thus  founds  by  282^  231,  axii 
^150.42  ;  .and  the  respective  quotients  will  be  the  content 
in  ale  and  wine  gallons^  and  malt  bushels. 

Nate  1.  Always  make  choice  of  an  odd  number  of  sections,  in  orde] 
that  the  number  of  parts  into  which  the  vessel  is  divided,  may  b^ 
etjual.  Seven  or  nine  will,  in  general,  be  sufficient,  except  when  th^ 
vessel  is  very  deep,  in  which  case  it  may  be  necessary  to  take  eleven  | 
thirteen,  &c.  as  the  case  may  require. 

2.  The  perpendicular  depth  of  the  vessd  must  first  be  taken,  in 
Older  to  determioe  the  common  distance  of  the  ordinates,  which  ma^i 
be  found  by  dividing  the  whole  depth  by  the  number  of  sectionj 
minus  one. 

3.  Great  care  must  be  taken  to  obtain  the  diameters  of  the  sectioni 
at  equal  perpendicular  distances  from  each  other ;  for  if  their  diistancei 
be  measured  upon  the  side  of  the  vessel,  it  is  evident  that  the  process 
will  be  incorrect.  (See  Problem  III.,  Part  VL,  for  the  method  of 
quartering  circular  vessels,  taking  cross  diameters,  &&  &c.) 

4.  The  Rule  given  in  this  Problem  is  founded  upon  the  method  of 
equi-distant  ordinates,  described  in  Problem  XX.,  Part  IV.  <Sce  the' 
Scholium  to  that  Problem.) 


RULE  11. 

Find  the  area  corresponding  to  each  mean  diameter,  in 
the  Table  of  Ale  or  the  Table  of  Wine  Areas^  Part  VII.  ; 
and  place  those  areas  in  regular  succession,  opposite  to 
their  respective  diameters. 

Then  to  the  sum  of  the  two  extreme  areas^  add  four 
times  the  sum  of  all  the  even  areas,  and  twice  the  sum  ot' 
adl  the  odd  areas;  multiply  this  sum  by  the  common  dis- 
tance of  the  diameters ;  divide  the  product  by  3 ;  and 
the  quotient  will  be  the  content  in  ale  or  wine  gallons. 
(See  Problem  XIII.,  Part  IV.) 


v.)       usmumATioii  or  touot.  KlS 

hat  it  the  content  in  ale  and  wine  gallons,  of  a 
Tesiel  wboae  depdi  m  m,  u  130  incoa ;  aad  tte 
imeten  of  spven  equi^isUnt,  pantlel  Mctwos  m 
viz.,  tbe  diameter  c£  the  bottom  or  fim  icetian 
[,  the  second  CD  146,  tbetbinl  EF  l6l,  dte 
iH  1fi«,  tbe  fifth  KL  l66,  tbensth  MN  157, 
jiameter,  P  R,  of  tbe  top  or  aerenth  aectioa  144 


24«x.7864  =  )iS76x.7854=  1207&3104,  iMt 
he  Jrtt  ttxHat;  146<'x  ■7854=S18l6x.78£4= 
i4,  the  area  rf  the  tecond  Mcium  ;  l6l '  X  -7854 
'.7854=20358.3334,  tke  area  of  Hu  third  tet- 
=  x.7854=a6896x. 7854=21124.1184,  the  are* 
urth  mxtion.-  166« x. 7854  =  27^56 x -7864  = 
■4,  the  area  of  Ihe  JifUi  itctioni  157"  x. 7854= 
854=19859.3246,  thearea  of  the  nxih  lectitM,- 
x.7854^20736x. 7854=16286.0544,  the  area 
nth  or  latt  tedioii. 

2076.3104+16286.05+4=28362.3648,  Ihe  mm 
eoj  of  tke    two   end  sectumt ;    (16741.5864+ 
4  +   19359.3246)  x  4  =  57225.0294  x  4  =: 
U8 


*W  nACTlCAL  GAVGnro.  (faet  v.) 

228900.1176,  four  times  the  sum  of  the  areas  qfaU  the  even 

X  a5-.84O01.071O,  tmce  the  sum  (f  the  areas  qf  ail  the  odd 
Mthns;  also,  -g-=:20,  the  comtnon  distance  qf  the  seo- 

S^  i^^\(28S62.8648+2«8900.n76+S4001.©7l6)  x 
g0_841264.154x20     6825285,08  ^ 

3 S = 3 =2275094.56,  the  con- 

tent  in  cubic  inches;  consequently  !!Z£I^?^-:  80©r.71O, 

282 

the  amtent  in  ak  gtOaui  and  ^^^^'^^^■-9848.893,  the 

•       •  231 

content  tn  nnne  gallons. 


Bg  Ride  IL 

Biameters.  Areas. 

Inches.                         Jie  Gallons. 
FtrH     ^2^ 4«.8237 

fSf  ]^ ^9-^^7^ 

-intrd    161 72.1925 

^^"^  ?^ 74.9080 

-^P^      1^ 76.7462 

i"^  ^  157 68.6499 

Seventh  144 57.7518 

rA«i  42.8237+57.7518=100.5755,  the  sum  of  the  two 
kstreme  areas;  (59-3672  +  74.9080  +  68.6499)  x  4  =: 
202.9251  x4=:811.7004,/o«rft*m^fAe«rtn  of  a»  the  even 
areas;  and  (72.1925  +  76.7462)  x  2  =  148.9387x2  =r 
297.8774,  tmce  the  sum  of  all  the   odd  areas;    hence 

(100.5754+297.8774  +  81 L7004) x  —  5S  ^20^533  x  20 

.  24203.0660     ^  ^   '      ^     . 

*=^ J =8067.6886,  the  content  in  ale  gaOms,  the 

same  as  before. 


V.)  HXNSIIBATIOll  OV  MLIDS.  MI 

Diameiers.  ArtM* 

Inches.  Wine  gaUami. 

First       124 58.27M 

Second   146 72.4744 

Third    161  88.1814 

Fourih   164 91.4464 

Ji/»      166 ..93.6904 

Sixth     157 S».S066 

Seventh  144 70.50a4 

1 52.2784+70.5024=122.7808,  /Ae  sum  of  the  two 
areas;    (72.4744  +  91.4464  +  88.8066])  x  4  ss 

'4  X  4=990.9096. /our  times  the  sum  of  all  the  >evem 
and  (88.1314  +  93.6904)  X  2  =  181.8218  x  2  = 

\Q,  twice  the  sum  <^  all   the   odd  areas;    heuee 

:08+990.9096+363.6436)xf  =  il^-i^ 

'-^ ZZ9S48.S933,  the  content  in  wine  gallons,  the 

t  before. 

he  bottom  or  first  diameter  of  a  circular  vessel  is 
;  second  109.5,  the  third  12a8,  the  fourth  123.2, 
i  124.5,  the  sixth  117-8,  the  seventh  or  top  diame- 
.4,  and  the  depth  114.6  inches;  required  the  con* 
ale  and  wine  gallons,  by  the  second  Rule. 
4340.13839  ak  gallons,    and    5298.37756    mne 

he  bottom  or  first  diameter  of  a  circular  vessel 
es  108.4,  the  second  123.6,  the  third  130.8,  the 
136.6,  the  fifth  136.2,  the  sixth  131.8,  the  seventh 
the  eighth  114.8,  the  ninth  or  last  96.8,  the  depth 
and  die  common  distance  of  the  diameters  18.3 
;  required  the  content  in  ale  and  wine  gallons,  and 
ishels,  by  the  first  Rule.  ' 

6476.8996482  ale  gallons,  79O6.'8645056  wine  goi- 
d  849.36231  malt  bushels. 

Remark. 

etimes  the  contents  of  vessels  whose  sides  sere 
,  are  found  by  dividing  them  into  a  number  of 

U3 
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equal  or  uneqiud  parts^  and  calculating  the  ooDteiit  of 
each  part  by  Uie  Rule  fat  the  firostam  of  a  cone.  This 
method,  howevo',  is  extremely  troublesome ;  and  if  the 
vessel  be  not  divided  into  a  great  number  of  parts^  so  that 
the  altitude  of  each  part  may  be  small,  it  is  also  very 
incorrect  For  example,  if  the  vessel  belonging  to  the  first 
Question  in  the  last  Problem,  be  taken  as  the  frustums  of 
six  cones,  its  content  will  be  8034.0292  ale  gallons,  and 
d807.776  wine  gallons^  which  is  too  little  by  33.6594 
gallons  of  ale,  apd  41.1173  gallons  of  wine;  hence  we 
percrive  the  excellency  of  the  Rules  given  in  the  last 
wee  Problems,  for  finding  the  contents  of  vessels  when 
iheir  sides  are  curved,  and  the  nature  of  the  curves  can- 
not be  determined;  that  is,  when  we  caimot  determine 
whether  a  vessel  is  the  frustum  of  a  sphere,  the  frustum 
of  a  spheroid,  the  frustum  of  a  parabolic  spindle,  the 
frustum  of  a  paraboloid,  or  the  frustum  of  a  hyper- 
boloid. 


PROBLEM  XX IL 

To  find  the  content  of 'the  ungula  or  hoof  of  a  cylinder^ 
or  the  quantity  of  liquor  contained  in  a  cylindricQi 
vessel  placed  in  an  inclining  -position^  so  that  the  SW' 
face  of  the  liquor  intersects  the  sides  of  the  vessel  in 
an  oblique  direction, 

feULE. 
By  the  Pen, 

'  Multiply^  the  square  of  the  diameter  of  the  base  by 
half  the  sum  of  the  greatest  and  least  depths  of  the 
liquor;  divide  the  prc^uct  by  359.05  and  294.12,  and 
the  respective  quotients  will  be  the  content  in  ale  and 
wine  gallons. 

Note  1.  The  greatest  and  least  depths  of  the  liquor  must  not  be 
taken  perpendicularly  to  the  horizon,  but  close  to  the  sides  of  the 
vessel. 

2.  If  a  cylindrical  vessel  be  placed  in  such  an  inclining  position  that 
'llie  Uquor  just  coven  the  bottom,  it  is  evident  that  the  hoef  wiB  be 


T  V.)       hxnbdsatmii  or  solids.  tn 

tjOttdett  taimqiiwitly,  tha  iquue  at  the  (tuaMci  of  Dm  kaw 
e  mulliiriied  by  balf  the  pau«M  depUi  of  the  liquor,  ukI  ibe 
t  diiikd  1^  the  proper  divioon,  in  ordei  to  obuin  Iba  ccouiu 
lod  irine  gatloDi. 


EXAMPLU. 

iVhatiBthe  ccmtentof  the  cylindrical  hoof  A  BCD, 
:  and  wine  nUima ;  the  diuneter  A  B  of  the  base 
38.2  inches,  the  greatest  depth  B  C,  of  the  hquor, 
Qches,  and  the  least  depth  A  D  18  inches  t 


>-e38.a«=1459.24,  the  square  of  the  diameter  d  the 

,32.6+18      50.6 
and =-^-"  =  25.S,    half  the  tm»  qf  tht 

■st  and  least  depths  of  the  liquor;  then  1459.24x25.3= 
1.772,-  and  36918.772-^359.05  =  102.823,  the  content 
e  gallons;  also,  36918.772-j.294.1S=125.522,  the 
it  tn  reine  gallons. 
The  greatest  depth  of  the  liquor  cont^ned  in  a 
irical  vessel,  placed  in  an  inclining  position,  is  56.6 
«,  and  the  least  depth  16.2  inches;  what  is  tlie  cchi- 
in  wine  gallons;  tlie  dismeter  of  the  base  being 
inches  ?  Ant.  72S.690  mine  galhnt. 

What  is  the  content  of  a  cylindrical  ungula,  m  malt 
;la ;  the  diameter  of  ito  base  being  6.^.8  inches,  the 
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(part  vl 


greatest  depth  28.8  inches^  and  the  least  depth  25.1?  ii 
ches?  Ans,  40.138  malt  bushel 

4h  The  diameter  of  a  cylindrical  vessel  is  65  incbej 
and  it  is  placed  in  such  a  position  that  the  liquor  jvu 
covers  the  bottom ;  how  many  ale  gallons  does  it  coq 
taii^  the  greatest  depth  of  the  liquor  being  25.8  inches  ?| 

Ans.  1 51  »796  ak  gallon 


TROBLEM  XXIIL 

To  find  the  content  of  a  cylindrical  ungula  or  hoof,  tphei 
its  base  is  less  than  a  semi'circle. 


RULE. 

By  the  Pen, 

Find  the  area  of  the  base  of  the  unrula^  by  Probleir 
XV.,  Part  IV. ;  and  multiply  it  by  the  difference  between 
half  the  diameter  of  the  vessel,  and  the  versed  sine  of  the 
ungula's  base. 

Subtract  the  product  thus  obtained  from  }  of  the  cube 
of  half  the  chord ;  multiply  the  remainder  by  the  height 
of  the  ungula ;  divide  the  product  by  the  versed  sine  o( 
the  base ;  and  tlie  quotient  will  be  the  content  in  cubic 
inches. 

Divide  this  content  by  282  and  281,  and  the  respective 
quotients  will  be  the  content  in  ale  and  wine  gallons. 

Note  1.  When  the  base  of  an  ungula 
is  less  than  a  semi-drde,  EF  will 
denote  the  chord,  and  B  m  the  versed 
line;  consequently,  the  dif¥brence  be- 
tween half  the  diameter  of  the  vessel 
and  the  versed  sine  of  the  ungula*s  base, 
will  be  denoted  byBr-~Bfnssmr.- 

2.  When  the  base  of  an  ungula  is 
a  semi-drcle,  the  edge  of  the  liquor 
will  coindde  with  the  diameter  C  D. 

3.  When  the  base  of  an  ungula  is 
greater  than  a  semi-drde,  GH  will 
denote  the  Gfaoid«  and  B  n  the  versed 
sine ;  hence  the  difference  between  the 


V.)         MXVSUmATKW  OF  S0KID8. 

ineof  tfat  bve  and  half  Um  4iamet«r  of  the  «cmi1,  «iU  b» 

byBs^Brmrff.    (See the  two foUowiag ProUenv.) 

XX4XPLBS* 

he  diameter  A  B  of  a  cyHndrical  ressd,  is  65  in* 
ind  it  is  placed  in  sudi  a  position  that  the  chord 
mgula's  base  measures  56  inches^  and  its  Tersed 
S  16  indies;  what  is  the  content  of  the  liquor^  in 
lons^  the  height  B  Q  of  the  ungula  being  64  in* 


lule  11. ,  Prob.  XV.,  Part  IV.,  we  have  l6-!-65==: 

tabular  height,  or  cmoiient  of  the  versed  erne  dhU 

the  the  dumeter.     The  Area  S^,  correepondis^  to 

tient,  U  .150091;  lAm  .150091  x  65 •  =2. 150091 X. 

34.154475  tqniafe  inches,  the  area  of  the  base  of 

la. 

65 

16=52.5-^  I6s:l6.5^  the  difference   between 

Jit 

diameter  cf  the  vessel  and  the  versed  sine  of  the 
base/   and  6S4.1S4475x  1 6.5  =10463.2 188375, 
of  the  base  mubipUed  by  the  said  difference, 

,    28»xf=21952x§=:^^|^  =  14634.666,  two- 

3 

^   the  cube  of  haiff  the  chord;   and  14634.666— 
188375  =  4171.4478291;    then   4171.4478291  X 

1.4478291  X  4=16685.7913164,  the  content  of  the 
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ungula  BCD,  in  cubic  inches;   hence  16685.791-^-292: 
^169,  the  content  in  ale  gallons. 

2.  What  is  the  content  of  the  hoof  of  a  cylinder^  i 
wine  gallons;  the  diameter  o£  ^e  vessel  being  lOO  ii 
cbes^  the  chord  of  the  hoofs  base  96  inches^  the  verst 
sine  36  inches^  and  the  height  of  the  hoof  108  inches  ? 

Ans.  495.14s  wine  gaUon 

Nde.  The  area  of  the  ungula's  Ixue  was  found  by  the  first  Rule 
in  ProWem  XV.,Pfart  IV. 

PROBLEM  XXIV. 

To  find  ths  content  of  a  cylindrical  unguhy  when   ii. 

baie  is  a  semi-circle. 

RULE. 

By  the  Pen. 

Multiply  the  square  of  the  diameter  of  the  vessel  by 
the  height  of  the  ungula  ;  divide  the  product  by  6,  and 
the  quotient  will  be  the  content  in  cubic  inches.  Divide 
this  content  by  282  and  231^  and  the  respective  quotienU 
will  be  the  content  in  ale  and  wine  gallons. 

EXAMPLES. 

I.  The  diameter  AB  of  a  cylindrical  vessel  is  65  in- 
ches, and  it  is  placed  in  such  a  position  that  the  liquor 
just  covers  one^half  of  .its  bottom;  what  is  the  content 
of^  the  ungula  BCD,  in  ale  gallons;  its  height  EC, 
being  64  inches  ? 


(past  y.)  MXN8VBATION  OF  80LID8.  927 

Here  «£2S|ii«!=l?!^=,!Z«22=4506&666./A. 

45066.666 
amietU  in  cubic  inchei  ;  and  — --- — s=159l810>  ike  eon- 

lent  in  ale  goBons. 

2.  A  cyundrical  vessel  is  placed  in  such  a  pontioQ  that 
the  liouor  just  covers  one-half  of  its  bottom,  and  rises  up 
the  siae  126  indies ;  what  is  the  content  of  the  imgnk, 
in  wine  gallons ;  the  diameter  of  the  vessel  being  124 
inches  ?  Atts.  1 397.818  mine  gallons. 


PROBLEM  XXV. 

To  find  the  content  of  a  cylindrical  tmgula^  when  its 
base  is  greater  than  a  semi-circie» 

RULE. 

By  the  Pen. 

Find  the  area  of  the  base  of  the  ui^gula  by  Problem 
XV.^  Part  I V. ;  and  multiply  it  by  the  difference  between 
the  versed  sine  of  the  ungula's  basej  and  half  the  diame* 
ter  of  the  vessel  * 

To  the  product  thus  obtained,  add  }  of  the  cube  of 
half  the  chord  of  the  unffula's  base;  multiply  the  sum 
by  the  height  of  the  ungiua;  divide  the  product  by  the 
versed  sine ;  and  the  quotient  will  be  the  content  in  cubic 
inches. 

Divide  this  content  Jby  282  and  231 ;  and  the  respective 
quotients  will  be  the  content  in  ale  and  wine  gallons^ 

EXAMPtCS. 

I.  The  diameter  A  B  of  a  cylindrical  vessel  is  65  int. 
ches,  and  it  is  placed  in  such  a  position  that  the  liqucHr 
leaves  only  20  inches  of  the  diameter  of  the  bottom  ory ; 
what  is  me  content  of  the  ungula  in  ale  galkms^  the 
diord  of  its  base  being  60  inches,  and  its  height  B  C,  64 
inches  ? 


dS8  PRACTICAL  GAirOIVG.  (PA&T  V. 


Bi^RuleL,Prob.XV.,PaHlK,w€have60x  20  x  f  =:1200j 

2400 

}  zz =800,  ttfiO'tkirds  of  the  product  of  the  chord  and  vei 

8 

sed  sine,  and  ^- — -=— —=266.666,  the  cube  of  the  heigl 

60x2     120  •^  ^ 

divided  by  twice  the  chord;  then  800 4-66.666=866.6^ 
square  inches,  the  area  of  the  remaining  se^ent. 

By  Note  /.,  Prob»  XIIL,  Part  IV.,  me  have  65x65) 
•7854=4225 x.7854=r3318.3I5  square  inches,  the  area t 
ike  bottom  of  the  vessel;  then  3818.815-866.666* 
2451.649  square  inches,  the  area  of  the  base  of  the  m 
gula. 

Now,  65—20=45,  the  versed  sine  of  the  ungidi^s  base 
and  654-2 r:82.5,  half  the  diameter  of  ike  vessel;  the 
45— 82.5  r:  12.5,  (he  difference  between  the  versed  sine  an 
half  the  diameter;  and  2451.649 X  12.5=30645.6125 /^ 
area  of  the  ungukfs  base,  muUipUed  by  the  said  differ 

encd. 

54000  ..  I 

Again,  30'  X  §=27000X8=—-—  =  18000,  two^hiri 

3 

of  the    cube    of  half   the    chord;     and    30645.6125  H 

64  S11331Q 

18000  =  48645.6125;  then   48645.6l25x  — = 77-- 

45  45 

=69184.871,  the  content  of  the  ungula,  in  cubic  inches  ;  an 

?? =245.336,  the  content  in  ale  gallons^ 

282 


tbev«el  eo  indes;  what  uS  wntS  rfE 
la  in  wipe  gallons  j  its  height  being  98^^? 
^  ■4»w.  779.775  iMWAdbM. 

•  The  ana  or  the  unMht**  bw*  ina  tend  fa*  th.  —  -  -  .  . 
>laa  XV,  ft»t  IV.  '^  ^'■"  '"''  •••  ••■•"<•  Bute 

Rekakk. 

en  avessd  ki  the  fiam  of  a  rylincler>  or  part«tf^« 

I'  iSlSTS  '*''^'  ?> t»«rt  the ««faJeof  the 
w  panltel  to  tbeaxi^,  and  cones  in  contact  with 

fXf  *^  l*«^  fcid  the  am  of  the  «««wZJ 
>f  the  «,^  by  Problem  XV,  Part  IV. ;  miUtiphrS 
l^gth  o£  the  vessel, «iui  the  piwluct  ^l£te 
t  of  the  ungula  in  oubfc  indies, 
he  vessel  be  laid  in  an  inclining  position,  so  that 
rtace  of  the  hquw  is  oblique  to  the  axis.  nuUnir 
rcuhr  segments  of  the  ends  dissimilar  fiiAues.  ttl 
t  of  the  ungula  any  be  found  hy  ft^lem  IX. 

PROBLEM  XXVL 

id  the  content  qf  a  pyramidical  ungula^  or  the 
tUy  of  liquor  contained  in  a  ve^el  in  the  form  qf 
ruitum  of  a  square  or  rectangular  pyramid^  when 

•  placed  in  such  a  position  thai  the  liquor  just 
^8  the  bottom,  or  part  of  the  hoUem,  and  rises  up 
'  of  the  sides  ^  an  oblique  direction,  forming  a 
e  that  is  caUed  «  cuneus  or  wedge. 

ftULJBw 

Bythefm. 

twice  the  length  of  th^  txiM  6f  the  ungula> 
e  leqgtb  of  the  upper  edge  of  the  fiquor; 
y  the  9i|m  by  the  faroaddi  di  tiie  base,  4ml 
•oduct  by  the  pieipcndicular  heights   and   |  of 
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iIk  lost  product  win  be  Ac  cnntBit  in  cnliie  indii 
Dinde  dm  content  by  382,  and  231 ;  and  tfte  respecti' 
qnotieiits  win  be  ttw  CDoteiit  m  ale  md  irine  gallons. 

Ifale  U   An  DDgQln  made  bj  pLa 


al  Hadr  kotbua,  ate  in  tbelomrf  nwlgM;    ooacqiKDtly,  the  ilB 
SOing  Bnlcholdi  good  tbc  all  —f'-'  w  fiwnKd. 

8.  WIkh  tbe  Uqaor  oxren  on^  part  af  the  bottmi  of  the  TBWct,  t 
baw  of  tbe  m^nla  win  be  Hot  [nt  <£  At  bgtlm  tint  i*  corand  I 
the  liquor. 

uahpLes. 

1.  What  u  the  content,  in  ale  gallons,  of  the  ungn 
A  B  C,  of  the  square  pyramidical  vessel  A  B  C  D  ;  Ih 
aide  A  B  of  tbe  greater  base  beii^  80  indies,  the  sid 
C  D  of  the  less  base  52  inches,  and  tbe  perpemliculj 
bei^t  C  m  M  indies  ? 


B 

Here  the  dimensioM  of  the  vngula  are  the  game  at  ik 
qf  the  p^amtdical  vettel ;  hence,  by  the  Rule,  tee  haoe  80 
2+S2=l€0-i.  53=212,  tmce  the  length  of  the  bate  adu 
to  the  length  qf  the  upper  edge  qf  the  Uqmr,  th 
212x80x54  ^  ^  54  „ 
g -=  l6g60x  ^=16960  x9=lS2640,(Ae«; 

tent  <f  the  tmg^la  in  oUtk  inchet;  tmd  i~^_=  MlMl^ 
the  tonlenl  in  ale  galhiw. 


T  r.)  HjrarsiTBATIOK  OF  WmIDB.  tSl 

&  It  is  evident  tram  the  ftwcgutug  figiiM»  that  when  the  Uquor 
Tamidkal  or  prismoidal  venel  jurt  oovcn  thft. whole  of  the  hot. 
tnd  rises  to  the  top  of  the  ycbk!*  to  an  ofalM|ue  direction,  it 
<  it  into  two  ungulas  m  the  fatm.  of  wedges,  one  of  wliicfa  is  oe* 
hj  the  liquoTs  and  the  other  i«  empty* 

The  length  of  the  bne  A  B^  of  a  prisnuMdal  vessel^ 
inches^  die  breadth  of  the  base  27  inches,  the  length 
if  the  top  62  inches,  the  breadth  of  the  top  55  in* 
and  the  perpendicular  height  28  inches;  what  is 
3ntent  of  the  lingola  E  B 1^  in  wine  gallons ;  the 
I  E  B  of  its  base  being  SO  inches,  the  breadth  of  its 
^7  inches,  the  length  of  its  ed^  SS  inches,  and 
peodicular  height  £  m  22  inches  ? 


Ans.  39.857  fvine  gc^Uwu, 

It  appears  from  the  foregoing  figure,  that  when  the  liquor  in  a 
ical  or  prismoidal  vessel,  covers  only  pari  of  the  botU)in»  aii4 
he  top  of  the  vessel  in  an  oblique  oirection,  it  divides  it  into 
and  a  prismoid ;  thus  £  B  F  is  a  wedge,  and  A  B  P  G  a  pris- 
[f  the  liquor  does  not  rise  to  the  top  at  a  pyramidical  veseel* 
^  empty  part  of  the  yessel  wiU  be  coroppeed  of  the  prienoid 
,  and  the  frustum  G  F  C  D.  If  the  vessel  be  a  prismoii)».hoth 
ures  will  be  prismoidB. 

equired  the  content  in  ale  ffallons^  of  the  ungula 
octangular,  pyramidical  vessd;  the  lensth  of  the 
the  ungula  being  5S  inches,  the  breadth  of  the 
5  inches,  the  length  of  the  upper  edge  of  the 
38  inches,  and  the  perpendicular  height  of  the  un« 
I  inches  ?  Ans.  172.021  ale  gallons. 

X2 


fiSft  Macticai  6A^011^4(  i(^A%1^  ▼• 


Rbmarkb* 

1.  When  liquor  int^raeets  db)iqttel3r  tli6  opposite  sid^ 
of  a  vessel  in  the  fonn  of  the  frastom  of  a  square  c 
rectangular  p7raimd>  it  disposes  itself  into  a  compoanj 
figure  (xmsisting  of  a  wedge  and  the  frustum  of  m  pyra 
nud:  Thus  in  the annoLed  %ttre  A B C D^  if  £F  dienol 
the  sur&ce  of  the  liquor^  then  the  ungula  A  B  F  £«  \ 
composed  of  the  wewe  £  G  Fj  and  the  frustum  A  BG^ 
F  n  being  theperpencuciilar  height  of  the  wedge ;  £  G  oi^ 
side  o^  its  base ;  and  m  n  the  perpendicular  height  of  th 
frustum ;  hence  the  content  of  the  whole  ungula  may  b 
obtained  by  finding  the  contents  of  the  two  figures  o 
which  it  is  composed.  It  may  also  be  observed,  that  th| 
empty  part  or  the  vessel  is  composed  of  the  wedgi 
£  F  H,  and  the  frustum  H  F  C  D. 


m 


2.  When  liquor  intersects  obli^uel^  the  opposite  sidd 
of  a  vessel  in  the  form  of  a  prismoid,  it  oi^poses  itsell 
into  a  compound  figure  consistiojgp  of  a  we&e  and  ^ 
prismoid :  Thus  in  the  annexed  %ure  A  B  C  D,  if  £  F 
denote  the  surface  of  the  liquor,  then  the  ungula  ABFEi 
is  composed  of  the  wedge  EGF,  and  the  prismoid  ABGE; 
Bm  being  the  perpendicular  height  of  the  prismoid,  mn 
^hat  of  the  wedge,  and  £  G  the  length  of  its  base. 


(fast  t.)        hsk^ubation  6t  solids.  -less 


3  The  content  of  that  part  of  a  compound  fiffure 
forming  tlie  firustum  of  a  pyramid^  may  oe  found  by 
Problem  VI. ;  the  content  of  that  part  forming  a  pris* 
moid  J  by  Problem  IX. ;  and  the  content  of  that  part  fonn- 
ing  a  wedge^  by  the  last  Problem. 

4.  The  content  of  the  compound  figure  A  B  F  £«  may 
abo  be  found  by  subtracting  the  content  of  the  dry 
wedge  £  F  H  from  the  content  of  the  fiiistum  or  pris* 
moidABFH.    (See  Problem  XXIX.) 


PROBLEM  XXVII. 

To  find  the  content  cf  a  conical  ungula^  or  the  quantity 
fl^  liquor  contained  in  a  vessel  'in  the  form  of  the 
frustum  of  a  cone^  when  it  stands  upon  its  greater 
base,  and  in  such  a  position  that  the  liqtior  just  cover* 
the  whole  of  its  bottom* 

RULE. 
By  tie  Pen.; 

Multiply  the  product  of  the  top  and  bottom  diameters 
by  the  mean  propordohal  between  them ;  subtract  the 
last  product  from  the  cub^  of  4be.  bottom  diameter ; 
divide  the  remainder  by  the  difference  of  the  diameters^ 
multiply  the  quotient  by  the  perpendicular  height  of  the 
ui^gula^  and  the  product  thence  arising  by  .000928;3^  an4 
.001 133  ;  and  the  respective  products  will  be  the  contend 
in  ale  and  wine  gallon&v 


Sm  fractical  OAoanio.  (past  t. 

Note.  When  the  liquor  does  not  riu  to  the  lop  of  the  v«»e],  tb 
diameter  at  the  upper  eitremlty  of  the  liquor,  measured  parallel  t 
the  top  of  (he  vessel,  moat  be  taksn  for  the  top  diameler,  in  order  I 
detcimliie  the  CMtient  <tf  0»  ungula. 


EZ&HPLB9. 

1.  What  is  the  content  of  the  ungtiU  ABC,  in  a] 
sallona ;  die  diameter  A  B  being  60  inchea,  the  ditunete 
C  D  '40  inches,  and  the  perpendicular  height  Cm   35  ia 


iTa-e  \/6ax«=v'2400=48.98979.  the  mtmn  proper, 
tumal  between  the  diamettra  i  and  48.98979x2400  = 
117575.496,  the  prodvct  of  the  two  diamelert  nmtujiied  bs 
the  mean  proportional  betiveen  tAcM. 

AIM,  60' =316000,  the  cube  ^  the  hoUom  diameter  i  and 
216000-117575.496        98424.504 

66-io ~  20 —  =  4981^52;     then 

4921^52  X  33  X  -0009883  =  172242.882  X -0009283  = 
l59.89S0673Go6,alegalio>u,lhearun!erniqnrtd. 

a  Required  the  cootent  of  s  onJcal  migula,  io  vine 
gaUons ;  the  bottom  diameter  being  SS.6  incbes,  the  top 
diameter  38-7  ind»ea,  and  the  perpendicidar  hewbt  47.3 
'»*"■  -fa*.  506.756  ntttegaBmi. 


BT  r.)  ICEVtliXAVldV  W  tOU^S^ 


PROBLEM  XXVIII. 

ind  the  content  of  a  conical  ungula^  or  the  quantity 
f  liqujor  eaniamed  in  a  ptuel  in  the  form  of  the 
Vusium  of  a  cone^  when  it  rtandi^  upon  its  Uu  hau^ 
nd  in  such  a  position  that  the  liquor  just  covers  the 
:hole  of  its  botioau 

RULE. 

BgthePau 

ultiply  the  prechict  of  the  two  dianeters  by  the 
1  pn^ortioiial  between  them ;  firom  the  product  thus 
ned  subtract  the  cube*of  the  bottom  diameter ;  di« 
the  remainder  by  the  diiforence  of  the  diameters ; 
[ply  the  quotieDt  by  th»  perpendicukf  hd^t  c€  the 
ila,  and  ue  product  thence  arising  bv  M09^S$,  and 
[S3  ;  and  ihe  respective  products  will  be  the  content 
I  and  wine  gallons. 

EXAMPLES. 

What  is  the  content  of  the  un^^iik  A  B  C^  in  wine 
nsf  the  diameter  A  B  bein^  30  inches,  the  diameter 
50  inches,  and  the  perpendicular  height  A  m  40  in« 


J 
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ibundbyftibtniAbgdieconl^xil^  thedijrboof  DBF  fitnli  the 
toot  of  the  frustum  A.B  £  F.  : 

.,  2.  W&at  is  the  coQteiit,  in  wine  gallons,  of  a:  oompo^ 
%ure  consisting  of  the  frustum  of  a  cone  and  a.coni 
ungula ;  the  bottom  diameter  being  30  inches,  the  mu' 
diameter  40  inches,  the  top  diameter  50  inches ;  and 
perpendicular  height  of  the  frustum,  and  also  that  of 
unguis,  20  inches?  Ans,  141.516  mne  galii 

Remark. 

If  a  vessel  in  the  form  of  the  frustum  of  ^a  cone 
laid  Hipon  its  slant  side,  so  that  the  surface,  of  the  liqik 
is  either  paraUel  or  obliaue  to  the  axis,  and  oome^  in  ca^ 
tact  with  both  ends  of  the  vessel,  the  content  of  tt 
ungula  thus  formedj  may  be  found  by  Problem  IX 
PartV. 


PROBLEM  XXX. 

To  find  the  quantity  of  liquor  contained  in  a  vesid  i% 
the  form  of  the'  frustum  of  a  cone^  when  it  is  placed 
on  its  greater  endj  and  in.  such  a  position  that  tk£ 
liquor^  covering  only  part  of  its  boUom^  forsns  an  cU 
iiptic  ungula^ 

RULE, 

By  the  Pen. 

From' the  versed  sine  of  the  base  of  the  ungula  sub- 
tract the  difference  of  the  diameters  of  the  vessel;  divide 
the  remainder  by  the  less  diameter ;  and  find  the  Area 
Seg.  answering  to  tiie  quotient,  in  the  Table  of  versed 
sines  at  the  end  of  Part  IV. 

Multiply  this  Area  Seg.  by  the  cube  of  the  less  dia- 
meter ;  also  multiply  the  product  thus  obtained  by  tbe 
quotient  arising  from  diviaing  the  versed  sine  of  ib» 
base  of  the  ungula  by  the  difference  between  the  said 
versed  sine  and  die  difference  of  die  diameters ;  likewise 
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the  hflt  pioduct  by  the  square  itMt  of  the  said 
;  and  reserve  the  product 
9  the  versed  sine  of  the  base  ci  die  ungnhi  by 
om  diameter  of  the  vessel ;  find  the  Area  S^, 
ig  to  the  quotient  /  and  multiply  it  by  the  cube 
Htom  diameter. 

the  last  product  subtract  the  reserved  product ; 
the  difference  by  one-third  of  the  perpendicular 
'  the  ungula ;  divide  the  product  by  the  difller* 
:he  diameters ;  and  the  quotient  will  be  the  coiw 
be  ungula,  in  cubic  inches. 
;  this  content  by  282,  and  ftSl^  and  the  respective 

will  be  the  content  in  ale  and  wine  gallons. 

The  ungula  will  always  be  elliptical  when  the  fcned  aiiie 
%  is  greater  than  the  dUfisence  of  the  diameten  of  th# 
i  this  will  invariably  be  the  case  when  the  aqgle  B  E  O  is 
le  angle  BAG. 

ic  ungulas  are  more  fi;eqaen%  met  with  than  either  pata- 
perbolic  uo^las ;  as  a  parabolic  ungula  can  be  Ibrmed  only 
surface  of  the  fiquor  is  paraHel  to  the  side  A  C  x  and  a 
when  the  angle , B  E  D  is  greater  than  the  angle'  BAG. 
in  Problems  ^OOtlL  and  XXXIII.) 


BXAMPLKS. 

*      I 

lat  is  the  content  of  the  ellifrtic  unguk  BD£, 
aliens;   the  diameter  AB  beinff  50  inches»  the 
C  D  32  inches^  the  versed  sine  B  £  of  the  base 
%,  and  the  perpendicular  height  D  n  48  inches  ? 


Hm  S0r^3»;:ml^,  tie  difertitce  rfih  4iam^i  wd 
— io —  ^"^^^^^^ qucHe^  obtained  by  subtracting  the 

difference  ef  the  dtatneiers  from  the  ^et($ed  simc  of  the  base, 
etnd  dividing  the  temainder  bjf  tie  ids  dkamXerk  The  Area 
Seg,  answering  to  this  quotient  is  •392699* 

Now,  Sg'=:3g76ft  the  cube  tf"  the  less  ^meter^-  also, 
51 — TZ^Tk^^'^^^'  lie  qmOieta  arising  Jrom  dividing  the 


txsrsed  sine  of  the  base  ba  the  difference  between  the 

tiersed  sine  md  tii   difference   ^  the    t^meters;    and 

\/2.135  3B  1.457>  the  square  root  of  the  said  quoUent ;  then 
.39^699  X  39768  x  2.1»6  x  1.4^7= 12867.960832  x  2.125  x 
1.457  =s27344^4l6768xl.457=39840.81tS230976,   the  re* 
served  produdt. 

Again,  50'^ :c  125000,  the  cube  (f  tie  bottom  diameter; 

34 
mnd  --:  z  .68,  the  quotient  ijf  the  versed  sine  of  the  base 

divided  by  the  bottom  dianteter.  The  Arta  Seg,  anstpering 
to  this  quotient  is  .568732/  tlien  .^&68732  x  125000= 
71091.5,  the  product  afistng  from  mulUplying  the  last 
Area  Seg.  by  fie  cube  of  tie  boiiom  diameter^ 

Norn,  71091.5 -39840.8 15  =r3 1250.685,  the   difference 

betmeen  the  last  product  smd  ihe  reserved  product  ^   aUo 

48 

^^zslS^,  me^third  of  the  perpendicular  lieight  qf  the  ungu» 

la;  then  31250.685 x,-f  =  31250.685 X—=?^555!i5  = 

18  9  9 

27778.386,  the  conkni  of  the  ungula,  in  cubic  inches  i  and 

— =98.ji04,  the  content  in  idegcdhns. 

282 

2*  The  bottom  diameter  of  a  conical  vessel  is  6d  in- 
ches, the  top  diameter  bO  inches,  the  v^i*sed  sine  of  the 
base  of  the  elliptjc  ungula  40  inches,  and  its  perpendi* 
cular  height  54  inches ;  what  is  the  content  of  the  un« 
gttla  in  wine  gallons?  Ans.  197^14  mne  gallons. 
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PROBLEM  XXXL 

I  the  quantity  of  liqu&r  contained  in  a  vessel  m 
-orm  of  the  fmsbum  ^  a  'eoms^  whitn.  it  is  plaosd 
8  less  end^  and  in  suek  a  position  tkat  the  liqisor^ 
ing  only  part  of  its  bottom^  forms  an  sUiptU 

KULB. 

By  the  Pen* 

le  difierefnce  of  the  diameters  of  the  two  ends  of 
sel^  add  the  versed  sine  of  the  base  of  the  ungula ; 
ide  the  sum  by  the  greater  diameter;  then  mol- 
lie  Area  Seg*  answering  to  this  quotient  by  the 
f  the  greater  diameter^  and  call  Uiis  product  the 
*}iber. 

the  versed  sine  of  the  base  to  the  difference  of 
meters ;  divide  the  versed  sine  by  this  sum ;  and 
are  root  of  the  cube  of  the  quotient  call  the  second 

ie  the  vet'sed  sine  by  the  less  diameter ;  mult^ly 

a  S^.  answering  to  the  quotienj^  by  the  cube  of 

diameter ;  and  call  this  product  the  third 


[le  the  perpendicular  height  of  the  ungula  by  tliree 
tie  difference  of  the  diameters ;  and  call  the  quo- 
e  fourth  number, 

ly,  from  the  product  of  the.^r^  BXid.  second  mxtoim 
ibtract  the  third  number ;  multiply  the  diff*erenoe 
fourth  number ;  and  the  product  will  be  the  con* 
the  ungula,  in  cubic  inches. 

de  this  content  by  2S2  and  231j  and  the  respective 
Its  will  be  the  content  in  ale  and  wine  gallons* 

l.  When  a  vessel  in  the  form  of  the  frustum  of  a  tone,  k 
pen  its  less  end,  in  such  a  position  that  the  liquor .  covers 
-t,  or  the  whole  of  its  .bottom,  the  ungula  will  always  be 
;  that  is,  the  surfoce  of  the  liquor  wiU  form  an  ellipse  when 
yi  covers  the  whole  of  the  bottom  .$  and  ao  eUipttoal 
covers  only  part  of  the  bottom* 


94S>  PEACTiCAx  GAueiKe.  (fart  tJ 

2.  For  the  Bole  given  ill  this  Problem  we  ate  indebted  toour  muj 
eiteempd  friend  Mr.  Joseph  Lewtfawaite,  Teacher  of  the  Mathematic: 
atHaUfex. 


EXAMPLES. 


1,  What  is  the  content  of  the  elliptic  imgula  B  D  i^ 
iii  wine  gallons ;  the  diameter  AB  being  32  inches^  tM 
diameter  C  D  50  inches,  the  versed  sine  Bm  of  the  bas 
$0  inches^  and  the  perpendicular  height  m  »  48  inches  ? 


50-32+30     18+30    48        ^      ^,      . 

answering  lo  this  quotient  is  .774861  /  and  .774861  x  50* 
=.774861 X  125000=96857.625,  thejirst  number. 

SO  -f"  18     48 
=r.4941,  the  second  number. 
30 
Again,  --=.9375.     The  Area  Seg.  answering  to  this 

quotient  w. 76496;    awrf  .76496x32 '=.76496x32768= 
S5066.20928,  t/ie  third  number. 

.     .         48       48 

Agaith   ~ — r=^=.8888,  the  fourth  number. 
18x3     54  '      */ 

Now,  96857.625 X. 4941  =47857.3525125,  the  prwbui 
'nflhejirst  and  second  numbers;  then  (47857.3525125- 
85066.20928)   x   .8888    =    22791.1432325   x   .8888  = 


T.)  HSK8UBATI0K  W  aOLlBS. 

'68105046,  ike  catUetU  ^  the  ungula,  in  cMc  mh 
and  — — -- — =r87*o91>  tne  content  tn  wtnegaUome* 

fiat  is  theoontent  of  an  elliptic  ungola,  in  alegallom ; 
I  diameter  of  the  conical  vessel  being  110  inrfara^ 
tarn  diameter  80  inches,  the  versed  sine  of  the 
the  ungula  S6  inches,  and  its  perpendicular  height 
^s  ?  Ans.  1 45.579  ^  gai&u. 


PROBLEM  XXXn. 


I  the  quantity  of  liquor  contained  in  a  vessel  in 
orm  of  the  frustum  of  a  coney  when  it  is  placed 
s  greater  end,  and  in  suck  a  position  tkat  tke 
-,  covering  only  part  of  its  bottom  j  forms  a  para* 
ungula* 


RULE 

Bv  the  Pen.  '■       ■ 

iply  the  area  of  the  base  of  the  nnguk  by  the 
diameteir'of  the  vessel;  divide  the  ]prpdurt  by  the 
ce  of  the  diametevs;  and  reserve  the  quotient* 
[ply  the  differeice  of  the  diameters  by  the' less 
r ;  extract  the  square  root  of  the  product ;  and 
Y  the  said  root  by  |  of  the  less  diameter, 
-act  th^.  last  product' from  ^tbei  reserved,  qjuotient; 
y  the  remainder  by  }  of  tie  perpendicular  height 
unsiila;  and  the. product  will  be  Uie  content  in 
iches. 

ie  this  content  by  28^  and  29h  ^d  jth^  r^Pl^ye^ 
ts  will  be  the  content in.^leandwine.gallons., 

The  tiDguIa  will  iUways  b^  .paraJlwlioal  wb«*  *^  versed.  W« 
se  is  e<jual  to  the  diffcarence-  of  the  diameters  of  the  vessel ;. 
ivill  invariably  be  the  case  when  the  surface' of  th^  liquor  .fe* 
3  the  upper  side  of  the  vessel,  making  the  ailgle  B  AD'eqiMl ' 
gleBAC.  Y^ 


MACTICAL  OABHUA.  <rAH  V.) 


1.  What  ia  the  content  of  the  parabolic  uneuU  BDE, 
in  ak  gallfliii ;  the  diameter  A  B  bdnj*  $0  iin£n,  die  £»■ 
swtcr  C  D  as  indiea :  and  the  perpendicular  hdirfat  E  » 
♦aindwB? 


Here  S0-Si=18=BE,  the  verted  me  ^UtehoMt^ 

iheurtgiUas  imd  —  =SQ.     The'Area Seg.tuuioeringtatiut 

it  £5*55;    ihe».i5*5Sx50»^A5*55xil500=. 
[J75,    Me   area  vf  the   bate   c^    tie   laigiUas    awf 


18 
Jgam,  \^18xS2j<S2Xy=^578x^*8*X  ^ 

ni«iCl7ffr.708-l(»4)Xys74S.70«xl8=n89M«^ 

lie  ctmtetU  tf  the  wtgula  in  cubic  inchet ;  om/ — - — = 

4C.I96,  the  eadent  in  ok  gaSmu. 

8.  What  is  the  content  of  a  parabolic  imgula,  in  wine 
gallona;  the  bottom  dtHmeta-oftheconicaIve>aelbMii|f  100 
lodies,  the  top  diameter  74  inches,  and  die  perpendicultf 
hai^t  of  the  ungula  34.5  inches  ? 

A»M.  9J.S39  wiw  2«Am>- 
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PROBLEM  XXXIII. 

.J 

To  find  the  quantity  of  liquor  contained  in  a  vessel  m 
(he  form  of  the  frustum  of  a  cone,  when  it  i»  placed 
upon  its  greater  end^  and  in  such  a  position  that  the 
liquor,  covering  only  part  of  its  bottom^  forms  a  Ay* 
perbolic  ungula* 

RULE. 
By  the  Pen. 

Divide  one-third  of  the  perpendicular  height  of  the 
uiiffula  by  the  difference  of  the  diameters  of  Uie  Tesaei; 
and  call  the  quotient  the^r^  number. 

Multiply  the  area  of  the  ungula's  base  by  the  greater 
diameter ;  and  call  the  product  the  second  number. 

Multiply  the  less  diameter  by  the  versed  sine  of  the 
ungula's  base ;  divide  the  product  by  the  axis  of  the 
hyberbolic  section ;  multiply  the  quotient  by  the  area  of 
the  hyperbolic  section;  and  call  the  product  the  third 
member. 

From  the  second  number  subtract  the  third ;  multiply 
the  remainder  by  the  first  number  ;  and  the  product  will 
be  the  content  of  the  ungula  in  cubic  inches. 

Divide  this  content  by  ^8%  and  ftSl,  and  the  re- 
spective quotients  will  be  the  content  in  ale  and  wine 
g^ons. 

Nbie.  The  axis  of  the  hyperbofai  section  Is  the  dutance  between  the 
upper  extremity  of  the  surface  of  the  liquor  and  the  middle  of  tht 
chord  of  the  ungula*s  base ;  and  the  area  of  the  hyperbolic  section  U 
the  area  of  the  surface  of  the  liquor.  (See  the  definitions  of  the 
Conic  Sections,  Part  V.) 

To  find  the  area  of  the  hyperbolic  section^ 

RULE. 

Multiply  the  transverse  diameter  by  the  absciss ;  to  the 
product  add  f  of  the  square  of  die  absciss ;  and  molti* 
ply  the  square  root  of  the  sum  by  21. 

Ys 


iiS  nu.cncA£  QAVonro*         (paitt.) 

Add  die  product  last  found  to  4  times  the  square  k>oI 
of  the  product  of  the  tnmsvene  and  abadm ;  and  divide 
die  sum  by  75. 

.  Divide4  times  the  product  of  the  conjugate  and  ab* 
sdss  by  the  transverse ;  then  this  quotient  bdng  multi- 
plied  by  the  former  will  give  the  area,  nearhf. 

Note  1.  In  finding  the  area  of  the  hyperbolic  section  formed  Ifj  th< 
forfiu^  of  the  liquor,  the  aY)sciss  mentioned  in  the  last  Rule,  is  the 
axis  of  the  section ;  and  it  may  also  be  observed,  that  the  chard  of  tha 
ungula*8  base  is  the  base  of  the  section ;  and  likewise  in  this  caae,  it« 
double  ordinate.    (See  the  definitions  of  the  Conic  Sections.) 

2.  Before  we  can  find  the  area  of  the  hyperbdUc  section  of  the  liquor* 
we  must  determine  the  transverse  and  c6iyug»te  diameters. 

Tojlnd  the  transverse  diameter  qf  the  hgperboUc  HcOon. 

RULE- 

Multiply  the  less  diameter  of  the  vessel  by  the  absciss 
of  the  hyperbolic  section ;  and  reserve  the  product. 
From  the  greater  diameter  of  the  vessel  subtract  the 
sum  of  the  less  diameter  and  the  versed  sine  of  the  un- 

fuk's  base.    Divide  the  reserved  product  by  the  remain, 
er ;  and  the  quotient  will  be  the  transverse  diameter  re- 
quirod, 

I 

To^nd  the  eonjttgaie  diameter  qf  the  hgperheUc  uctioH, 

RULE. 

From  the  greater  diameter  of  the  vessel  subtract  the 
sum  of  the  less  dtameier  and  vened  sine  of  the  ungnla's 
base.  Divide  the  said  versed  sine  by  the  remainder;  and 
extract  the  square  root  of  the  Quotient.  Multiply  this 
root  by  the  less  diameter ;  and  the  product  will  be  the 
conjugate  diameter  of  the  section. 

NgU,  The  ungula  will  always  be  hyperbolical  when  the  versed  sine 
of  the  base  is  less  than  the  difference  of  the  diameters  of  the  vessel; 
and  this  will  inyariably  be  the  case  when  the  angle  B  B  D  is  greater 
than  the  angle  B  i^  C. 

EXAItPLBS. 

1.    What  is  the  ocmtent  of  the   hypeibolic   unguii 


:  £  H  M  inches,  the  ilant  bei^  at  «xu  DE  «f 
peibolic  MCticHi  fanned  by  the  turttae  of  the  limor, 
be*,  end  dievcned  una  B£  of  the  mgaU't  Imm 


Calculation. 

/End  ^  Iramoerte  and  eomjiigaU  iiameteri  t^  tht 
hfperbolic  tKliaii. 

■e  55  X  50^8760,  the  raerved  prodtict ;  a«rf  72  -  (50 

=  72- 70=2  .-(Awi-^s  1373  ««*«,   fAe   imw 


in,  V20-T-S=V  10  =  8.1622;    <im/  3.l6S9x  50  s. 
inches,  the  catfitgait  diameter. 

To  Jindthe  area  {^  the  lyperiaHc  teaim. 


eil  •/T^Sx5S-^55'  X  j  =  21 V  75625 +302ix  j 
'' 75625 +15185-r7=21v^ 75625  +  2160.7142  a:  Si 
85.7142  =278.9x21  =5856-9. 


in,  (4*/ 1375  x    55+5856.9)^7S  =  (4V'75ti25  + 
0-^75  =  (4  X  275 +5856.9)-7-75  =  (1 100+ 5856.9> 
=6956.9-~75= 92.758. 
,     158.11k55x4     „    ,„      S4784.2 
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fi5.297x  92.758=2346.499126  the  area  of  the  section,    ii 
square  inches. 

To  Jind  the  area  of  the  circular  ^segment  of  the  base, 

I 

20 
Here    --=.2773,  ^Aejittrffeyi^  of  the  versed  sijie  divided 

by  the  diameter.  The  Area  Seg.  answering  to  .277,  w 
.177330;  and  the  Area  Seg.  answering  to  .278,  is  .178225; 
tiieir  difference  is  .0t)0895;  then  .000895  x  J =.000696^ 
which  being  added  to  .177330,  gives  .178026,  the  Area  Seg. 
corresponding  to  ,277?;  hence^  .178026x  72 « =.178026 x 
5184=922.886784,  the  area  of  the  base,  in  square  inches. 

To  Jind  the  content  of  the  hyperbolic  ungula  B  D  E. 

54-^3      18. 
^^^  72^^~22'^*^^^^'  ^^e/r^^  number. 

Again,  922.886784  x  72=66447.848448,  thesecofid  num- 
ler.' 

50x20     ^     ^  ^       1000 

Also,    —^^  X  2346499126  =  -^  X  2346.499126= 

18.1818x2346.499126=42663.5778091068,    the    third 
number. 

Lastly,     66447.848448  -   42663^77809  x    .8181   = 

23784.2706S9X. 8181=19457.9118097659,  the  content  in 

,.    .    ,       -     J  19457.91I8 
oubtc  inches;  and  — =  84.2333,   the  conient   in 

wine  gallons. 

2.  What  is  the  content  of  a  hyperbolic  ungula,  in  aJc 
gallons;  the  greater  diameter  of  the  conical  vessel  being  96 
inches,  the  less  diameter  60  inches,  the  versed  sine  of  the 
ungula's  base  SO  inches,  the  absciss  64  inches,  and  the 
perpendicular  height  6S  inches  ? 

Ans.  The  transverse  diameter  of  the  hyperbolic  section  is 
640,  the  conjugate  134.16,  and  the  area  3031.120896,  The 
area  of  the  circular  segment  of  the  base  is  1932.50304; 
and  the  content  of  the  ungula  172.4975  ale  gallons. 


T.)  IfXKSUBAXIOV  OV  MUM.  Mi 

MISCELLANEOUS  EXAMPLES, 

IN  THV 

^ensuration  of  Superficies  and  SoUds, 

APPLIE0  TO 

GAUGING. 


lie  length  of  a  vettd,  in  the  form  of  a  parriklo" 
n^  is  81  inches,  and  its  breadth  64  inches ;  requivad 
rpauUciilar  depth;  it  bdnga  mean  proportional 
in  the  other  two  diimensions.  Aug.  72  tadtit. 

lie  area  of  a  trapestum  is  $9596  square  inches ; 
A  the  side  of  a  square  of  equal  area. 

Am*  844tMAer. 
?be  area  of  the  base  of  a  circular  vessel  ia  6itt 
ifM»lM>a  2  irhat  a  the  diainfltffr  ? 

Ams,  90.49^  tMflaf. 
'he  diameter  of  a  i^lindrical  vessel  is  78,  aa4 
'psttdicolar  depth  lis  inches;  required  itsdiam^ 

An$.  136.484  tacAer. 
lie  diagtenal  of  the  base  of  a  oubical  veasd  met* 
15  indkas;  required  the  side. 

Am.  81.317  tacAes. 
'he  diaymal  of  the  base  of  a  rectangular  cooler 
res  145  mches,  and  the  length  ll6  inches;  required 
?adth.  Am.  97  mcAe#. 

?he  length  of  jt  cask  is  45,  the  bung  diameter  36^ 
e  head  diameter  27  inches ;  required  the  diagvoaL 

Afu,  38.71  inches. 
The  bung  diameter  is  38.7,  the  head  diameter  29.6, 
e  diagonal  4a3  inchea ;  required  the  length  of  the 

Am.  42.78  fi 


rhe  ccmtent  of  a  cylindrical  vessel  is  254  ale  aat 
required  the  side  of  a  cubical  vessel  that  shall 
n  the  same  quantity  of  liquor.       Am.  41«52  inchu. 
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10.  Tlie  length  of  »  water  cisteiii  in  the  form  of 
panllelopipedon  is  J35,  its  breadth  86,  and  its  depth  I 
mdies ;  required  the  dimntsions  i^  a  nmtlar  vessel  tb 
•hall  canton  5  times  as  much. 

Am*.  Tkt  laigtk  U  SI3.74,  the  brtadlk  147-05,  andU 
depth  106.01  iticha,  nearfy. 

11.  The  depth  of  a  C7lindrical  vessel  i»  354,  and  ii 
diameter  1 12  inches ;  what  must  be  the  dimensions  of 
amilar  vessel  that  shall  cootain  onlj  }  of  the  quantity  ? 

Am*.  Tiedepth  i*  176-11,  and  the  dianuter  7*7.64  in 
eher,  nearly. 

12.  The  content  ttf  a  vessd  in  the  form  of  a  parallelo 
npedon,  is  ISI500  cubic  indies;  its  length  75,  it 
iHcadth  45,  and  its  depth  36  indies ;  required  the  dimen- 
nons  at  a  similar  vessd  that  shall  ctmtain  S62S00  cubit 
incfaes. 

Jm*.  TheleMglhi*  li5,Uu6nadlh75,  andthe  deplhdC 

13.  The  side  of  a  sqnare  measutcs  62.8  inchee ;  wtut 
ii  its  area  in  ale  gallons?  Ah*.  IS.98I  ale gaSimt- 

I4i.  Tlic  length  of  a  rectangle  is  115.S  inches,  and  itt 
bKKith  S6.4  inches  ;  what  is  its  area  in  wine  gallons  P 

Am*.  43.125  wife  gttSiM. 

15.  Tlie  base  of  a  rhombus  is  84.6  inches,  and  its  per- 
pendicular  breadth  63.4  inches ;  required  its  area  in  nialt 
Inshel^  ?  An*.  3.494  wdt  biuheU. 

16.  The  base  <^  a  triangle  measures  123.6  inches,  and 
its  perpendicular  S5.7  indies;  what  is  its  area  in  ale 
gallons?  Ant.  I8.78I  tde gaUmi- 

17.  The  three  sides  of  a  triangle  measure  56,  68,  and 
79  inches  respectively ;  what  is  ue  area  in  wiiie  gallons  ^ 

Am.  8.076  wiMgaltaU' 

18.  The  diagonal  of  a  trapezium  measures  138.6  in- 
dies, one  of  tlw  perpendiculars  63.8  inches,  and  the  other 
5&4  inches ;  required  the  area  in  malt  bushels. 

An*.  3.873  maU  buhdi. 

19.  The  two  parallel  sides  of  a  cooler,  in  the  form  ofj 
truijezoid,  measure  98  and  1S4  inches  respectively, «» 
the  perpendicular  distance  between  them  136  indw; 
what  ii  the  area  of  the  vessel  in  ale  gallons  ? 

A»*.  53.531  altgaV'^ 


V.)       HISCBLLAKBO08  EXAMPLB8.  '     fS\ 

?he  first  side  of  an  iir^gnlar  pentagon  meaauret 
3  second  104,  the  third  87,  the  fourth  93,  and  the 

2  inches ;  also,  the  diagonal  from  the  first  to  the 
]gle  168,  and  that  from  the  third  to  the  fifth  114 

now^  if  the  figure  be  an  irregular  floor  of  malt, 
any  bushels  does  it  contain,  if  the  depth  of  the 

3  6.4  inches  ?  Ans.  49>*'376  mall  husheU, 
The  side  of  the  base  of  an  octagonal  wine-vat 
s  52.6  inches,  and  the  perpendicular  63.7  inches  ; 
Tiy  gallons  of  wine  does  the  vessel  contain,  when 
th  of  the  liquor  is  84.3  inches  ? 

Ans.  4891-0017  nine  gailmt. 
!*he  side  of  a  regular  nonagon  measures  87*6  in- 
I'hat  is  its  area  in  ale  gallons  ? 

Ans.  168.21649  a/<rgaiZ(m#. 
he  diameter  of  a  cylindrical  porter- vat  is  226.4 
and  its  depth  258.8  inches ;  how  many  gallons  of 
vill  it  contain?  Arts,  3694o.51l6  galioM, 

The  radius  of  the  sector  of  a  circle  is  52  inches, 
chord  of  the  whole  arc  86  inches ;  what  is  the 
I  in  wine  gallons?  Ans.  11.376*3  fvine gaUcm, 

The  chord  line  of  a  cooler,  in  the  form  of  the 
t  of  a  circle,  measures  9^  inches^  and  the  versed 
inches ;  how  many  gallons  of  ale  does  the  vessel 
,  when  the  depth  of  the  liquor  is  6.4  inches  ? 

Ans,  59.6()()8  ale  gallong. 
The  transverse  diameter  of  an  elliptical  vessel, 
[^s  125.4  inches,  and  the  conjugate  82.8  inches; 
i  the  area  in  malt  bushels  ? 

Ans.  3.792  mall  bushels. 
The  transverse  diameter  of  an  ellipse  measures 
rlies,  and  the  conjugate  diameter  52.4  inches;  re- 
the  area,  in  ale  gallons,  of  a  segment  cut  off  by  a 
rallel  to  the  transverse  diameter ;  the  height  of 
ment  being  21.8  inches.  Ans.  3.768O8  ale  gallons. 
The  base  of  a  parabola  is  98.6  inches,  and  its 
75.4  inches ;  what  is  its  area  in  wine  gallons } 

Ans.  21.455  wine  gallons. 
Required  the  area  and  content,  in  ale  gallons,  of  a 
composed  of  a  right-angled  triangle,  and  a  circular 
it  described  upon  the  hypothenuse  of  the  triangle ; 
sed  sine  of  the  segment  being  25  inches ;  the  base 
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and  perpendicular  of  the  triangle  60  and  80  indies  re 
spectively ;  and  the  depth  of  the  liquor  9*4  inches. 
Am.  The  ana  is  14f,lS,  and  the  coniml  1S2.82S  aie  gai 

80.  The  base  of  a  curvilineal  figure  measures  97-6  In 
ehes;  the  first  perpendicular  orwnate  49.5^  the  aueum 
51.4,  the  third  5^.2,  the  fourth  52S,  the  fifth  58.2^  th 
sixth  52.7,  the  seventh  5^,Sy  the  eighth  51.5,  and  €tk 
nmth  49.6  inches.;  required  the  urea  of  the  figure,  ii 
"fnne  gaUons,  by  the  mcihod  of  equt-distant  ordinate*. 

Ans,  21.958  wine  ^allo9u 

81.  The  side  of  a  cubical  vessel  measures  64.8  inches 
required  its  content  in  ale  and  wine  gallons. 

Ans.  The  content  is  942.722  ale,  and  1150.855  nnm 
gMons. 

82.  The  length  of  a  cistern  in  the  form  of  a  paralleJ- 
opipedon,  is  145  inches,  its  breadth  96  inches,  and  its 
depth  84  inches  ;  how  many  gallons,  ale  measure^  will  it 
contain  ?  Ans.  4146.882  ale  gallon*, 

S3.  The  side  of  the  base  of  a  heptagonal,  prismatic 
vessel  measures  86.4  inches,  and  its  perpendicular  depth 
78.6  inches ;  required  its  content  in  malt  bushels. 

Ans.  927.972  mali  huskeh. 

84.  The  perpendicular  depth  of  a  cylindrical  vessel  is 
76,  and  its  dit^onal  95  inches  ;  required  its  content  in  ale 
gallons.  Ans.  687-714  ale  gallons. 

35.  Each  side  of  the  top  of  a  triangular,  p3n'aini^cal 
vessel  measures  58.8,  and  its  perpendicular  depth  62.4 
inches ;  what  is  its  content  in  wine  gallons  } 

Ans.  1\^.%3S  wine  galhms, 

56.  What  is  the  content,  in  malt  bushels,  of  a  vessel 
in  the  form  of  the  frustum  of  a  pentagonal  pyramid; 
each  side  of  the  greater  end  being  45.7  inches,  each  side 
of  the  less  end  84.8  indies,  and  the  perpendicular  depth 
68.4  inches  ?  Ans.  88.1446  mali  bushels. 

37.  The  slant  side  of  a  conical  vessel  measures  85,  and 
the  perpendicular  depth  75  inches ;  what  is  the  content 
in  ale  gallons  }  Ans.  445.62  ale  gaUtms. 

88.  The  top  diameter  of  a  vessel,  in  the  form  of  the 
fVustum  of  a  cone,  measures  126.8,  the  bottom  diameter 
158.6,  and  perpendicular  depth  182.7  inches;  required 
the  content  in  wine  gallons.     Ans.  9194.498  time  gfdiont. 
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What  ifl  the  oooteaty  in  malt  bushds,  cf  a  vassd 
form  of  a  prismoid ;  the  length  of  its  bottom  being 
uid  its  breadth  42.6  inches ;  the  length  of  its  top 
and  in  breadth  £4.8  inches ;  and  the  perpendicular 
112.2  inches  ?  Atu.  23SJt28  maU  huiUs. 

The  perpendicular  depth  of  a  porter*vaty  in  the 
f  the  frustum  of  an  elhptical  cone,  is  QS£  inches; 
ansverse  and  conjugate  diameters  of  the  bottom 
^^99*^  and  7^6  inches;  the  transverse  and  oon* 
diameters  of  the'top^  134^4  and  100.8  inches;  re* 
th&  opnt^t  in  ale  gallons. 

Am.  270^79^  ok  gaUmt. 
The  inner  diameter  of  a  sfAerical  vessel,  measures 
iches ;  what  is  the  content  in  wine  gallons  f 

Ant.  S2G.wi6  wine  gaUmu, 
The  top  diameter  of  a  vessel  in  the  form  of  the 
?ginent  of  a  sphere  is  S5£  inches*  and  its  depth 
iches  ;  .what  ia  the  content  in  ale  gallons  ? 

Ant.  35.208  ale  gallons. 
The  perpendicular  depth  of  a  vessel  in  the  form  of 
eater  segment  a£  a  sphere^  is  32.7  inches  ;  and  the 
ter  of  the  base  53.8  inches;  what  is  the  content  in 
gallons?  Ans.  24^.155  wine gaUoru. 

The  top  diameter  of  a  vessel,  in  the  forhi  of  the 
m  of  a  sphere,  is  72,  the  bottom  diametor  84,  and 
rpendicular  depth  60  inches ;  required  the  content 
t  bushels.  Ans.  186.705  fnaU  buskeU. 

The  transverse  diameter  of  a  vessel,  in  the  form  of 
ate  spheroid,  is  96,  and  the  conjugate  82  inches ; 
8  the  content  in  ale  gallons  ? 

Ant.  l\9%.529  ale galkm. 
The  diameter  of  the  base  of  a  vessel,  in  the  form 
irolate  semi-spheroid,  is  40,  and  its  perpendicular 
28  inches  ;-  what  is  its  content  in  wine  gallons  P 

Ane.  lOJ. 5^5  wine gaUms. 
The  middle  diameter  of  a  vessel,  in  the  iorm  oi 
iddle  £:ustum  of  a  prolate  spheroid,  48,  the  end 
ter  40,  saad  the  length  50  inches ;  what  is  the  content 
gaUons?  Ans,  2SS.167  ale  galhnt* 

The  bottom  diameter  of  a  vessel,  in  the  tbrm  of. 
[le  middle  frustum  of  a  prolate  spheroid,  is  72,  the 
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top  diameter  54,  and  the  perpendicular  depth  80  inclies  ; 
required  the  content  in  wine  gallons. 

Ans,  1204.406  wine  galions. 

49.  The  length  of  a  vessel  in  the  form  of  a  parabolic 
spindle^  is  80  inches^  and  its  middle  diameter  50  inches  ; 
required  its  content  in  ale  gallons. 

Ans.  297*079  ole  galian*. 

50.  The  top  and  bottom  diameters  of  a  vessel,  in  the 
form  of  the  middle  frustum  of  a  parabolic  spindle, 
measure  40  inches^  the  middle  diameter  50  inches,  and 
the  perpendicular  depth  54  inches ;  required  the  content 
in  wine  gallons.  Ans.  401.468  wine  gallons. 

51.  The  diameter  of  the  top  of  a  vessel,  in  the  form  of 
a  paraboloid,  is  54  inches,  and  the  perpendicular  depth 
64  inches ;  required  the  content  in  ale  gallons. 

Ans.  259.885  ale  galions. 

52.  The  diameter  of  the  top  of  a  vessel,  in  the  fbrni 
of  a  hyperboloid,  is  60  inches,  and  the  middle  diameter, 
and  the  perpendicular  depth,  each  42  inches ;  required 
the  content  in  wine  gallons.      Ans.  253.6128  wine  galbms. 

53.  The  bottom  diameter  of  a  vessel,  in  the  form  of 
the  frustum  of  a  paraboloid,  is  72,  the  top  diameter  48, 
and  the  perpendicular  depth  30  inches;  required  the 
content  in  ale  gallons.  Ans.  S12.82iL  ale  gallons. 

54.  The  bottom  diameter  of  a  vessel,  in  the  form  of 
the  frustum  of  a  hyperboloid,  is  80,  the  middle  diameter 

68,  the  top  diameter  48,  and  the  perpendicular  depth  96 
inches ;  required  the  content  in  wine  gallons. 

Ans.  1479*68  wine  gallons. 

55.  The  bottom  diameter  of  a  circuhlr  vessel,  whose 
sides  are  curved,  is  42,  the  middle  diameter  47>  the  top 
diameter  45,  and  the  perpendicular  depth  48  inches; 
required  the  content  in  ale  gallons. 

Ans.  281S97  ale  gallons. 

56.  The  bottom  diameter  of  a  circular  vessel  measures 

69,  the  diameter  at  one^fourth  of  the  depth,  from  the 
bottom,  87>  the  middle  diameter  95,  the  diameter  at 
three-fourths  of  the  depth  90>  the  top  diameter  78,  and 
die  depth  80  inches ;  how  many  gallons  of  porter  will 
the  vessel  contain  ?  Ans.  1700.246  gallons. 

57.  What  is  the  content  of  a  circular,  vessel,  m  wine 
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whose  perpendicular  depth  is  90  indie%  and  the 
iameters  of  seven  equi-distant,  parallel  sections  as 

viz.  the  diameter  of  the  bottom  or  first  sectioD 
le  second  97*5,  the  third  107-4,  the  fourth  109.3> 

llO-Ty  the  sixth  104.6,  and  the  diameter  of  the 
eventh  section  9^.2  inches  ? 

Afu.  3284.926  wine  gailofu, 
Vhat  is  the  content  of  a  cylindrical  unffula,  in 
>ns ;  the  diameter  of  its  base  being  50  indies^  the 

depth  32  inches,  and  the  least  depth  23  inches? 

Ans,  191*477  ale  gallons, 
Vhat  Is  the  content  of  the  hoof  of  a  cylinder,  in 
lions ;  the  diameter  of  the  vessel  being  85  inches, 
sed  sine  of  the  hoofs  base  S6  inches,  and  the 
>f  the  hoof  60  inches? 

An»»  248.788  fvine  gallons* 
I  cylindrical  vessel  is  placed  in  such  a  position 
I  liquor  just  covers  one-half  of  its  bottom,  and 

the  side  50  inches;  what  is  the  content  of  the 

in  ale  gallons ;  the  diameter  of  the  vessel  being 
38?  Ans,  106.3S2  ale  gallons. 

The  chord  of  the  base  of  a  cylindrical  unguli^ 
^s  60  inches,  the  versed  sine  36  inches,  and  the 
of  the  ungula  50  inches ;  what  is  its  content  in 
lions?  Ans.  167.580  wine  gallons. 

^he  length  of  a  cylindrical  vessel  is  60  inches,  its 
r  50  inches,  and  the  depth  of  the  liquor,  when 
el  is  laid  upon  a  horizontal  plane,  40  inches;  how 
e  gallons  does  it  contain  ? 

Ans.  358.284  ale  gallons, 
?he  length  of  a  cylindrical  vessel  is  60  mches, 
neter  50  inches;  and  the  depth  of  the  liquor,  at 
1,  when  the  vessel  is  laid  upon  an  inclined  plane, 
^s  40  inches,  and  at  the  other  25  inches ;  how 
7 me  gallons  does  the  vessel  contain? 

,  Ans.  349*344  wine  gallons, 
Vhat  is  the  content,  in  ale  gallons,  of  the  ungula 
ctangular,  pyramidical  vessd ;  the'  length  of  the 
the  ungula  being  87  inches,  the  breadth  of  the 

inches,  the  length  of  the  upper  edge  of  the  liquor 
es,  and  the  perpendicular  height  63  inches? 

Ans.  5S^.872  ale  gallons, 
Z2 
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65.  Tbe  bottom  diameter  of  a  oofiical  vessel  is  60  in- 
ches^ the  top  diameter  SO  indies^  and  the  perpendicular 
depth  40  inches.  Now^  if  this  vessel  be  placed  in  such 
a  position  that  the  liquor  just  covers  its  bottom^  and  rises 
up  one  side  to  the  perpemicular  height  of  SO  inches ;  re- 
quired the  content  of  the  ungula^  in  wine  gallons. 

Ans,  177*7541  wine  gallons. 

66,  The  top  diameter  of  a  conical  vessel  is  60  inches, 
the  bottom  diameter  50  inches^  and  the  perpendicular 
depth  40  inches.  Now,  if  this  vessel  be  placed  in  such 
a  position  that  the  liquor  just  covers  the  bottom,  and 
rises  up  one  side  to  the  perpendicular  height  of  20  inchest- 
how  many  ale  gallons  must  be  poured  in,  so  that  by 
dianging  the  position  of  the  vessel,  the  liquor  may  still 
just  cover  the  bottom  and  rise  to  the  top  of  the  vessel  ? 

Ans.  74.63532  ale  gallons, 

67-  The  bottom  diameter  of  a  conical  vessel  is  70  in- 
ches, the  top  diameter  60  inches,  and  the  perpendicular 
depUi  ,B0  inches.  Now,  if  this  vessel  be  placed  in  such 
a  position  that  the  liquor  just  covers  the  bottom,  and 
rises  to  the  top  of  one  side ;  how  may  ale  gallons  will  fiD 
the  vessel,  if  it  be  placed  with  its  base  upon  a  horizontal 
plane?  Ans,  260.8031  alegaHont, 

66.  The  bottom  diameter  >of  a  conical  vessel  is  70  in- 
ches, the  top  diameter  75  inches,  the  versed  sine  of  the 
base  of  the  elliptic  ungula  60  inches,  aiid  its  perpendicu- 
lar height  81  inches  ;  what  is  the  content  of  the  unffola 
in  ale  gallons  ?  Ans.  550.086  ale  gaUons. 

6g.  What  is  the  content  of  an  elliptic  ungula,  in  ale 
gallons ;  the  top  diameter  of  the  conical  vessel  being  55 
inches,  the  bottom  diameter  40  inches,  the  versed  sine  of 
the  base  <^  the  ungula  18  inches,  and  its  perpendicular 
height  21  inches  ?  Ans.  18.192  ale  galloiu. 

70.  What  is  the  oc«tent  of  a  parabolic  ungula,  in  ^ 
gallons ;  the  bottom  diameter  of  the  conical  vessel  being 
60  inches,  the  top  diameter  37  inches,  and  the  perpendi- 
colar  height  of  the  ungula  17-4  inches  ? 

Ans.  U.01OZ  wine  gaUms* 

71.  The  head  diameter  of  a  cask  is  26^  th^  bung 
diameter  32,  and  the  length  45  inches ;  required  the  con* 
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ale  and  wine  galkms ;  admitting  it  to  be  a  cask  of 
*  variety. 
The  amteni  is  113.800  iUe  gattoM,  and  ISS.9^ 

lions. 

?he  head  diameter  of  a  cask  is  26>  the  bung  dia« 

2,  and  the  length  45  inches ;  required  the  content 

ad  wine  gallons ;  admitting  it  to  be  a  cask  of  the 

ariety. 

The  content  is  113.198  ak  gailons,  and   138.187 

^Jons, 

'he  head  diameter  of  a  cask  is  26,  the  bung  dia- 
2y  and  the  length  45  inches ;  required  the  content 
id  wine  gallons ;  admitting  it  to  be  a  cask  of  the 
riety. 

The  content  is  106.530  ale  gallons,  and  130.Q48 
%nSm, 

'he  head  diameter  of  a  cask  is  26,  the  bung  dia- 
2y  and  the  length  45  inches ;  required  the  content 
id  wine  gallons ;  admitting  it  to  be  a  cask  of  the 
ariety. 

The  content  is  105/779  ale  gallons,  and  1^9.130 
lions. 

'he  area  of  an  equilateral  triangle  is  45  ale  gaU 
;quired  its  side.  Ans.  171*190  inches, 

'he  side  ef  a  vessel  in  the  form  of  a  triangular 
s  50  inches,  and  its  depth  40  indies ;  what  is  the 
'e,  in  ale  gallons,  between  its  content,  and  that  of 
Irical  vessel  that  will  just  contain  the  prismatic 

Ans.  217.7S7  ale  gallons, 

'he  length  of  a  cooler  is  80  inches,  and  its  breadth 
?s.  Now  if  it  be  cut  by  a  plane  parallel  to  the 
Bide ;  required  the  dimensions  of  the  two  vessels 
rned,  when  the  area  of  the  greater  vessel  is  12  ale 

The    length    of    each    vessel  is   60  inches,   the 
of  the  greater  56 A  inches,  and  that  of  the  less  2S.6 

'he  length  of  q;  rectangular  cistern  is  86  inches, 
1th  64  inches,  and  its  depth  48  inches.  Now,  if 
:  by  a  plane  pajralld  to  the  shorter  side ;  requii'ed 

Z3 
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the  dimenrions  of  the  two  ds^ems  thus  tormed,  when  the 
content  of  the  less  is  380  ale  gallons. 

Am*  The  length  of  each  cistern  is  64  inches^  the  breadth 
rf  the  greater  51.118  inches,  and  that  of  the  less  34.882 
wfihes, 

79*  The  sides  of  a  triangular  cooler  are  60,  7Q,  and  80 
inches^  respectively.  Now,  if  it  be  cut  by  a  plane  par 
rallel  to  the  longest  side ;  required  the  dimensions  of  the 
remaining  triangle,  when  the  area  of  the  portion  parted 
off  is  three  ale  gallons. 

Ans.  The  three  sides  of  the  remaining  triangle  are 
45.849,  58.490,  and  61.132  inches,  respectivelt/. 

80.  The  sides  of  a  triangular  cooler  are  60,  70^  and 
80  inches,  respectively.  Now,  if  it  be  cut  by  a  plane 
passing  from  the  opposite  angle  to  the  middle  of  the 
longest  side*;  required  the  areas,  in  ale  gallons^  of  the 
two  vessels  thus  formed. 

Ans,  The  area  of  each  vessel  is  3,605  ale  gallons, 

81.  If  the  length  of  a  cistern  be  94^  and  its  breaddi 
72  inches ;  what  must  be  its  depth,  in  order  that  it  may 
contain  \6  quarters  of  barley?  Ans,  40.669  inches, 

82.  The  perpendicular  depth  of  a  cistern  is  42,  its 
breadth  108^  aiid  the  diagonal  of  its  bottom  180  inches; 
how  many  bushels  of  barley  can  be  steeped  in  this  cjV 
tern  at  one  time,  allowing  |  of  the  whole  content  for  the 
mifeU  of  the  grain  ?  Ans.  242.997  buskds. 

83.  The  content  of  a  cylindrical  vessel  is  9743  ale 
gallons,  and  the  diameter  of  its  base  147  inches  ;  required 
ita  perpendicular  depth.  Ans.  I6I.SS8  inches. 
.  84.  The  diagonal  of  the  base  of  a  cubical  vessel,  is  72 
inches ;  required  the  content  in  wine  gallons. 

Ans,  57 1 '^6S  wine  gallons. 

85.  The  diameter  of  the  legal  Winchester  bushel  is 
J 8}  inches,  and  its  depth  8  inches;  what  is  the  diameter 
of  that  bushel  whose  depth  is  9  inches  ? 

Ans.  17.441  inches. 

86L  The  bottom  diameter  of  a  vessel,  in  the  form  of 
the  frustum  of  a  cone,  is  150  inches,  the  top  diameter  86 
inches,  and  the  slant  height  68  inches ;  what  is  the  con- 
tent in  ale  gallons  ?  Ans,  2383.846  ale  gattm* 

87.  The  slant  height  of  a  dstem  in  the  form  of  the 
frustum  of  a  square  pyramid,  is  85  inches,  the  perpendi- 
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eight  75,  md  die  tide  of  the  base  105  inches ; 
the  content  in  malt  bushels  ? 

Am.  51SMS  mail  bm»kd$. 
'he  content  of  a  vessel  in  the  form  of  a  penlago- 
m,  is  8894  wine  gallons^  and  the  side  or  its  base 
3hes ;  required  its  perpendicukr  depth. 

Am.  9^005  mokes. 
L  reservoir  fiieasiures  182  inches  in  length,  lis  in 
,  and  74  in  depth  ;  how  long  will  a  person  be  in 
:  with  water,  by  means  of  a  pump ;  supposing  he 
;6  strokes  in  a  minnte,  and  lifts  8  pints  of  water 
stroke  ?  Am*  9  hows,  8.614  nUmUes. 

'he  bottom  diameter  of  a  vessel,  in  the  form  of 
ituin  of  a  cone,  is  86  inches,  the  top  diameter  62 

and  the  perpendicular  depth  58  inches;  how 
illons  of  ale  are  contained  in  the  vessel,  when  the 
f  the  liquor  is  40  inches  ? 

Am,  615.401  aie  gaiUms. 
'he  perpendicular  depth  of  a  vessel,  in  tlie  form 
frustum  of  a  square  pyramid,  is  65  inches,  the 
the  top  68  inches,  and  the  side  of  the  bottom  94 

how  many  wine  gallons  does  the  vessel  contain, 
le  depth  of  the  liquor  is  45  inches  ? 

Ans.  1412.725  wim  fiaUom. 
^Yxe  perpendicular  depth  of  a  vessel,  in  the  form  of 
tum  of  an'  elliptical  cone,  is  65  inches ;  the  trans- 
nd  conjugate  diameters  of  the  bottom  measure  86 

inches ;  the  transverse  and  conjugate  diameters 
op,  62  and  42  inches  ;"  how  many  ale  gallons  does 
ei  contain,  when  the  depth  of  the  liquor  is  42  in- 

Am.  485.1191  ale  galkm, 
!*he  perpendicular  altitude  of  a  conical  vessel,  is 
es,  and  the  diameter  of  its  base  64  inches.  Now, 
'^essel  be  cut  by  a  horizontal  plane ;  required  the 
?  of  the  two  vessels  thus  formed,  in  ale  gallone, 
he  content  of  the  frustum  is  to  that  of  uie  seg- 
3  two  to  one. 

The  content  6f  the  /^mium  is  220.552,  and  the 
}f  the  segment  110.276  ale  gaUom. 
?he  side  of  the  base  of  a  vessel,  in  the  form  of 
turn  of  a  square'  pyramid,  is  (iO  inches,  the  side 
op  40  inches,  and  the  perpendicukr  depth  84  in- 
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ches*  Now,  if  this  vessel  be  cut  by  a  plane  parallel 
the  base ;  required  the  contents  of  the  two  vessels  thi 
fom^ed,  in  wuie  gallons,  when  the  content  of  the  grea' 
is  to  that  of  the  less,  as  five  to  four. 

Ans,  TkecofUent  of  the  greater  vessel  is  511.784,  and  di 
oottient  of  the  less  409.4272  wine  gallons.  ! 

95.  The  diameter  of  the  base  of  a  conical  vessel,  is  A 
inches,  and  its  perpendicular  altitude  72  inches.  Now 
if  this  vessel  he  cut  by  a  plane  parallel  to  the  base;  re^ 
quired  the  dimensions  of  the  two  vessels  thus  formedj 
when  their  contents  are  equal. 

Ans,  The  diameter  qf  the  section  made  by  the  cutting 
plane  if  47*622  inches,  the  altitvde  of  the  segment  57.14D 
inches,  and  that  of  the  frustum  14.854  inches. 

96.  The  side  of  the  base  of*  a  vessel  in  the  form  of  the 
frustum  of  a  square  pyramid,  is  60  inches,  the  side  of  the 
top  40  inches,  and  the  perpendicular  height  50  inches. 
Now,  if  this  vessel  be  cut  by  a  plane  parallel  to  the  base; 
required  the  dimensions  of  the  two  vessels  thus  formed, 
when  their  contents  are  equal. 

Ans.  The  side  of  the  section  made  by  the  cutting  plane,  is 
51.924  inches,  the  altitude  of  one  of  the  vessels  29.812  in- 
ches, and  that  of  the  other  20.188  inches, 

97.  The  internal  diameter  of  a  spherical  vessel  is  74 
inches ;  and  if  it  be  cut  by  a  horizontal  plane,  which 
makes  the  depth  of  the  less  segment  25  inches ;  required 
the  contents,  in  ale  gallons,  of  uietwo  vessels  thus  formed. 

Ans.  The  content  of  the  greater  segment  is  552.794,  oftd 
thai  of  the  less  199-599  ale  gallons. 

98.  The  diameter  of  the  base  of  a  vessel,  in  the  form 
of  a  prolate  semi- spheroid,  is  50,  and  its  perpendicular 
altitude  60  inches.  Now,  if  this  vessel* be  cut  by  a  hori- 
zontal plane,  at  the  distance  of  30  inches  from  the  base; 
require^}  the  contents,  in  wine  gallons,  of  the  two  vessels 
thus  formed. 

Ans.  The  content  of  the  frustum  is  233.748>  and  the  cwi- 
teat  of  the  segment  106.249  wine  gallons. 

99.  The  diameter  of  the  base  of  a  vessel,  in  the  fonn 
of  a  paraboloid,  is  50,  and  its  perpendicular  altitude  60 
inches.  Now,  if  this  vessel  be  cut  by  a  horizontal  plane, 
at  the  distance  of  30  inches  from  the  base ;  required  the 
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,   in    wine   gallons^    of  the   two    vessels    thus 

> 

The  ccmieniof  thefnuHm  is  191.248,  and  the  em^ 

he  segment  ^.748  wine  gallons. 

\t  Konigstein,  near  Dresden,  in  Germany,  is  a 

ose  head  diameter  is  25  feet  or  800  inches,  bung 

r  26  feet  or  812  inches,  and  perpendicuUur  altitude 

>r  3S6  inches ;  how  many  ^lons  of  wine  will  it 

admitting  it  to  be  of  the  third  variety  ? 

The  conieni  of  this  enormous  cask,  is  107010  mne 

which  exceeds  the  content  of  the  cask  at  Heidelberg, 

^  gallons.    (See  Example  5,  Prob.  IF.,  Part  V.) 

The  Konigsteiii  cask  was  begun  in  the  year  1T29,  and  Snith- 
5,  under  the  direction  of  General  Kyaw ;  and  is  considered 
Uu-gest  cask  in  the  world.  It  consists  oS  157  staves,  each  6 
thickness ;  and  one  of  its  heads  is-  composed  of  26,  and  the 
8  boards.  The  top  or  upper  head  of  this  enormous  cask  is 
id,  and  allbrds 'sufficient  room  for  twenty  persons  to  regale 


Remark. 

ig  given  copious  directions  for  finding  the  Areas 
tents  of  all  Vessels  that  can  possibly  be  met  with 
ice,  and  illustrated  those  directions  by  numerous 
es,  we  come  now  to  describe  the  methods  of  gauging 
tg  the  Utensils  of  Victuallers,  Common  Brewers, 
s^  Maltsters,  Starch-makers,  Soap-makers,  Glass* 
&C.  &C.  as  practised  in  the  Excise. 
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PART  VL 

The  Method  of  Gauging  and  Fiocing  VictuaHer^ 
Utensils ;  of  Gauging  ami  Inching  CommoTi 
Brewers'*  Utensils ;  and  of  Gauging  mid  URoffin^ 
Casks.  Also^  the  Method  of  Gauging  and  Fixing 
Maltsters'*  Utensils ;  and  ^  Gauging  and  hwhin^ 
a  StiUj  and  a  Distiiler'^s  Wa^sh^Back.  Likemisel 
the  Met/iod  of  Gauging  and  Fianng  the  UtensiU, 
of  Starch  Makers^  ISoap  Makers^  arnd  Glc^ss^ 
Makers^  as  practised  in  the  Excise,  i 


SECTION  I. 

THlt  METHOD  OF  GAUGING  AND   FIXtNG  VICTUALI.KRS' 
UTENSILS,  AS  PBACTISED   IN  THE  EXCISE. 


PROBLEM  I. 

To  gauge  and  fix  a  mash-tun^  in  the  form  of  the  frus- 
tum of  a  cone. 

To  take  (he  dimensions. 

With  the  Dimension  Cane,  or  any  other  convenient  in- 
strument^ take  the  perpendicular  depth  of  the  vessel. 

Also^  with  the  Diameter  Rule^  take  two  cross  diameters 
of  the  top^  at  right-angles  to  each  other ;  and  likewise 
two  cross  diameters  of  the  bottom.  Add  these  diameters 
together ;  divide  the  sum  by  4t,  and  take  the  quotient  for 
a  mean  diameter. 

Note  1.  A  mean  diameter  may  also  be^  found  by  taking  two  ctom 
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It  one-half  of  the  perpendicular  depth,  and  dividing  their  sum 

Is  in  the  form  of  the  frustum  of  a  cone*  are  seldom  per* 
lar ;  hence  the  propriety  of  taking  cross  diameterB»  in  order 
le  the  mean  diameter. 

Diameter  Rule  will  take  any  dimension  from  24  to  47  io- 

either  of  the  diameters  exceed  47  inches,  the  Dimension 

be  used,  which  will  take  any  diameter  from  36  to  120 


Tojindihe  area  and  content, 

RULE. 

the  square  of  the  mean  diameter  by  289^  and 
ent  will  be  the  area  in  mash-tun  gallons, 
ily  this  area  by  the  depth  of  the  vessel^  or  by  the 
'   the  grains^  generally  called  goods;    and  the 
ict  will  be  the  content  in  mash-^tun  gallons. 

[f  the  area  be  multiplied  by  the  depth  of  the  vessel,  the 
ill  be  the  whole  content  of  the  vessel ;  but  if  multiplied 
th  of  the  good*^  it  is  evident  the  product  will  be  the  content 
s,  in  mash-tun  gallons. 

-tuns  are  generally  in  the  form  of  the  frustum  of  a  cone ; 
netimes  placed  on  their  less,  and  sometimes  on  their  greater 
whatever  position,  however,  a  victualler's  round  m^-tun 
t  is  always  gauged  according  to  the  foregoing  directionsL 
gh  this  method  is  not  mathematically  correct,  yet  it  is  con- 
irate  enough  for  victuallers'  mash-tuns ;  beomse  they  avs 
nail  vessels,  and  no  duty  arises  from  mash-tun  gauges, 
h-tuns  of  Common  Brewers  are  gauged  and  fixed  in- a  very 
anner.     (See  the  next  Section.) 

le  divisors  and  gauge-points  used  in  this  and  the  follow- 
ns,  may  be  found  in  the  Table  of  Factors,  Part  IV. 

fiZAMPLES. 

the  following  figure  A  B  C  D,  represent  a  mash- 
the  form  of  the  frustum  of  a  cone,  whose  per- 
ir  ileptb  is  40.5  inches,,  the  cross  diameters  of  the 
and  64.4  inches,  and  the  cross  diameters  of  the 
5.2  and  45.6  inches ;  required  its  area  and  con* 
ash-tun  gallons. 


Gtjjeina  an»  fixiks 
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B^  tie  Pen. 

To  find  the  area. 

Inches. 
65.2 )  ,  ..     ^ 

64.4  C  ^  '^""^  ""•"'<*"'■'- 

45  6  (  ^''''"  '''''''■ 
4)280.4  rem. 

55.1  tneon  diameter. 
55.1  ditto. 
551 
2755 

8753 

Dmior  289)3036.01(10.505  mean  area  in  ^tUoiu. 

To  find  Iheconiera. 

Ma»h-tun  gaUmu. 

10.51  area. 

^.5  depth. 

5255 
4204 
4^^655  content  in  gtdlont. 


«y  TH«  tuntiro  suli. 

le  circular  gauge-point  on  D,  is  to  unitjr  on  C ;  to 
aean  diameter  on  li,  to  the  area  on  C  Or,  as  the 
:u]ar  divisor  on  A^  is  to  the  mean  cliaaneter  cq  B ; 
e  mean  diameter  on  A^  tp  the  ored  pn  B» 

On  IX      OnC.      OnP,     OnC. 

Or, 
On  A.      OaB.  On  a.        On  B. 

s  S^     ;    55.1     ; :    55.1     :     10.51  ami. 

To  Jind  ihe  cmtaU. 

he  ciecular  gauge-point  on  D«  is  to  the  deptii  oa 
is  tke  mean  diameter  09  D,  to  Ae  coDtant  on  C. 
Huitj  «ai  A»  is  to  the  ana  on  B;  ao  is  the  depth  oa 
he  fiontaQt  an  B. 


►nD. 
7.07 

OnC. 

:     40,5 

OnD. 

;:   55.1   : 

Or, 

OnC. 

¥tSJ^  eaiUeni. 

fl  Aur 

OiB. 

:   10.51 

On  A. 

::   40.5   : 

Oiia 

1.  The  dBMDsioni  asdana  tlnis  fiMind  an ftnnAfreil  0  tM 

n  of  the  dimenaioii  book,  at  the  ^p4  of  thia  aectiop ;  ^  ^ 
rucesa  is  .caUod  gf/^gkig  foiAJtxwg  the  mash-tuq^ 

Pz^ctioe*  the  area  muat  ^waya  be  found  to  three  placea  of 
3 ;  aod  hi  transferdng  to  the  dimenaiaD  book,  if  the  third  piagm 
aibove,  the  second  is  caUed  one  mote^  but  if  the  Hsixd  pUcettt 
,  it  ia  vaiected. 

is  <iustOHaaiy  pn  «he  piactfoe  of  gai^upg  to  take  thedqy^iof 
Is  to  t)ie  nearest  whole  incby  w4  to  enter  the  content  in  g^* 
ence,  if  the  first  decimfd,  in  the  content,  be  .6  or  above,  it  i» 
gallon,  btft  if  it  be  under  .5,  it  is  njected;  oonsequeotiy^e 
intent  would  be  called  436  galloos. 

rhe  perpendicular  depth  of  a  cifoajar  mash-ton^  in 
>nn  of  the  fru^om  of  a  cone>  is  50.5  inchesi  Ae 
diameters  taken  at  one«hidf  of  Uie  perpendicular 
,  are  73.4  and  7^.6  inches ;  required  the  aicea  and 
Lt  of  ttie  vessel^  in  mash-tun  gallons. 
.  The  area  is  I8.4d9»  ond  the  cotUetU  QSIM  ma§h^ 

A  a 
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iVof&  In  the  real  practice  of  gaugini^  the  content  is  always  found  from 
the  depth  of  the  goods ;  but  in  the  forejKoiog,  and  following  examples, 
we  have  found  the  whole  omtent  of  the  vessel.  The  prooess,  however, 
in  both  cases  is  the  same. 

Remarks. 

1.  By  the  Rule  for  the  frustum  of  a  cone^  Prob.  VIII., 
Part  V.j  we  find  the  content  of  the  mash-tun  in  the  first 
example^  to  be  429.82  gallons ;  hence  the  content  found 
by  this  Problem  is  too  little  by  4  gallons. 

2.  It  frequently  happens  that  the  surface  of  the  grains 
is  several  inches  below  the  top  of  the  tun^  when  it  is 
gauged  by  the  Officer.    Now,  when  this  is  the  case,  the 
mean  area  multiplied  by  the  depth  of  the  grains  will 
evidently  give  the  content  too  much  when  the  vessel 
stands  upon  its  less  end,  and  too  little  when  it  stands 
upon   its  greater  end :  for  example,  suppose  the  depth  of 
the  grains  in  the  foregoing  mash-tun,  question  the  first, 
to  be  only  32  inches;    then  we  have  10.51x32=336 
gallons,  the  content  found  by  using  the  mean  area  obtain- 
ed when  the  vessel  is  supposed  to  be  fuIL    But  this  mean 
area  is  evidently  too  great ;  for  the  diameter  at  the  top 
of  the  grains,  found  by  Prob.  XIV.  is  only  60.8  inches; 
hence  we  have  (60.8+45.4)  -r  2  =  106.2  -r  2  =  53.1,  the 
mean  diameter ;  ajd  (53.1  x  53.1)-r289  =»  2819.61  -^  289 
=9.76  gallons,  the  mean  area ;  then  9.76  x  32  =  312,  the 
content  in  gallons ;  consequently^  the  former  content  is 
too  much  by  24  g^ons. 

3.  Again,' let  the  same  vessel  be  inverted,  so  as  to  stand 
upon  its  greater  base,  and  let  the  depth  of  the  grains  be 
32  inches^  as  before ;  then  it  is  evident  that  the  content 
will  still  be  336  gallons,  by  using  the  mean  area  obtained 
when  the  vessel  is  supposed  to  be  full.  But  this  mean 
area  is  evidently  tbo  litue ;  for  the  diameter  at  the  top  of 
the  grains,  found  by  Prob*  XIV.,  is  49*4  Inches ;  hence 
we  have  (64.8+49.4)  -+  2  =  114.2  +•  2  =  57.1,  the  mean 
diameter;  and  (57.1  X  57. l)-^289  =3260.41 -+2 89=  11.28 
gallons,  the  mean  area ;  then  11.28x32  =361,  the  con« 
tent  in  gallons ;  consequently,  the  former  content  is  too 
little  by  25  gallons. 

4.  Notwithstanding  the  method  of  gauging  and  fixing 
.victuallers'  mash-tuns,  as  described  in  the  foregoing  Prob- 
lem, has  been  generally  adopted  in  practice,  yet  it  is  necessfri 
ry  to  observe  that  by  a  late  Act  of  me  1st  and  2nd  Geo.  IV. 
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tSt,  the  grestest  aoconcj  is  required  in  gauging 
Bputing  the  eontents  of  mash-tuns. 
,  as  it  frequentlj  happens  that  victuallers  use  more 
:  one  brewing  than  at  another.  It  is  evident,  as  be* 
served,  that  a  mean  fixed  area  multiplied  by  the 
of  the  goods  cannot  always  give  the  true  content 
h^tun  gallons ;  these  irregularities,  however,  may 
y  obviated,  by  taking  diameters  in  the  middle  of 
en  inches,  and  fixin^^  the  niash*tun  in  the  same 
as  a  guile-tun.  This  method  becomes  absolutely 
"J,  when  the  mash-tun  has  curved  sides. 

PROBLEM  II. 

re  and  fix  a  tnash'tun  in  the  form  of  the  frustum 
of  a  square  pyramid. 

To  take  the  dimensions. 

any  convenient  instrument,  take  the  perpendicu* 

h  of  the  tun. 

measure  each  side  of  the  top ;  divide  the  sum  of 

mensions  by  4  ;  and  the  quotient  will  be  a  mean 

on.     Find  a  mean  dimension  of  the  bottom  in  the 

umer  ;  then  half  the  sum  of  these  two  mean  di« 

iS  will  be  the  mean  dimension  of  the  middle. 

The  mean  dimension  of  the  miikUe  may  alao  be  found  by 
;  the  sides  of  the  vessel  at  half  of  the  perpendicular  depth, 
lels  that  assume  the  form  of  the  frustum  of  a  square  pjrnu 
eldom  perfectly  square ;  hence  the  necessity  of  measuring  all 
Q  order  to  detennine  the  mean  dimensions. 

To  find  the  area  and  content. 

RULE. 

Ay  the  mean  dimension  of  the  middle  of  the 
'  Itself;  divide  the  product  by  227>  and  the  quo« 
L  be  th«  area  in  mash-tun  gallons. 
)ly  this  area  by  the  perpendicular  depth;  and 
net  will  be  the  content  in  mash-tun  gallons. 

XZAMPI.B8. 

the  followinff  figure  A  B  C  D  E  F  G,  represent 
tun,   in  the  uurm  of  the  frustum  of  a  square 

Aa2 
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aiidliollaBifi3raiDaBla^fli,aidlMiif  tbenmiflf  tiw  UeaOlli  ftr  a 
nam  bfcadth  ;  then  maUi^y  tbe  mean  length  hf  the  mean  faceadtb. 
difide  tfie  product  hf'^iSl,  and  the  qaotieni  will  be  tbe  mean  area*  In 


2*  If  a  mn^-f^m  be  a  pMHOeupiiMRlD*  Ihe  avca  oi  its  baae  niajr  be 
Ibund  hf  Froiv  IL;  if  it  be  a  pram*  bxProbklX.;  and  if  it  bsa 


PROBLEM  III. 
To  ga»ge  mi  foe  a  copftr  with  a  faUmg'^iHmu 

To  tale  the  dimensions. 

The  most  eligible  method  of  taking  the  ditnensioiis  of 
drcnkr  vessels,  is  to  quarter  them,  in  order  to  obtain 
cross  diamrters  as  corremy  ii§  pUBsiblk 

Firsty  take  the  diameter  of  tiie  top  of  the  vessel^  which 
liiultiply  by  .7(n»  ot  .7;  and  the  proiaet  wiQ  be  t^jnde 
^  We  inscribed  square.  <See  Rtile  Xtl.,  ^tdb.  '!8131., 
TM  TV.) 

Apply  the  dde  of  the  sqsare  thus  fiiuild^'fbif^  limed  to 
the  top  of  the  ^sppper,  by  your  dimodsion  cane,  or  tape ; 
and  mavk,  with  dia]k>  eadi  angle  ofthe  inacribeil  sgciare ; 
and  thus  will  the  top  of  the  vessel  be  quartered. 

With  a  steady  hand,  dnrw  a  dialk  line,  from  eadi 
quartering  point,  -down  the  inside  of  the  vessel,  to  the 
bottom;  taking  care  that  these  lines  be^ually  dtstant 
firom  each  other,  not  only  at  the  bottom  of  tlie  vessel, 
bvit  -idiK>  ^' every  hoHaontel  section ;  -^ufaavwise^ie  wssel 
win  not  be  truly  quartered  in  every  part. 

^iaae^yoT  dimftnrifln  caBe,4Br  otte  in8tnuiwiit,iti  a  yr« 
yendkmlw  directiGQ,  with  its  tend  itsting^  upon  the  bottom 
%r^e  copper,  half-way  between  the  centM  of  ihe  tsrown 
4lfift4ie'«ide ;  at  this  aame  time  laying  a*xod  or  holding  a 
card  diametrically  across  the  top,  so  as  to  come  in.cootttt 
^ifMi  the  -^ytnieiteidn  cante  ;  mid  thils  fmi  wfQ  ifaave  tbe 
perpendicular  depth  of  the  copper,  upon  the^dimanaioB 
cane,  where  it  intersects  the  rod  w  cord  at  the  top. 

£}ow,  m^ocder  to  take  cooes  dian^ten  .in  the  -middle  of 
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TESk  iiHMi'ii  mrk  ise  dnimioii  cw  with  dnft^ 
5y  Z5,  35  inches^  &&;  wad  platt  that  instiiUMMt  in 
aeinaBBer  in  which  it  stood  in  Uiasig  ihe  deplh ; 
riag  A  jpod  horitwniiriiy  in'Ooataot  wkh  the  ean^  at 
ssmm^ie bottom, «etluitliie  rod  and  cane  wmy 
igfat  angles ;  and  let  the  end  of  the  rod,  at  Ibo 
ime,  touch  one  of  the  qoartenng  lines ;  and  thfiw 
I  mark  with  chalk,  on  the  inside  of  the  vessel ;  and 
ill  harve  one  point  4it  iwhich  «  ilismster  aoast  be 

he  same  at  15,  at 25  mdies,  &c  from  the  bottom; 
u  will  obtain  aU  the  ponts  in  one  of  the  quarter* 
es,  at  which  diameters  must  be  taken. 
iie  points  may  then  be  transferred  to  the  odier  three 
-in^  lines,  hj  a  pair  ol£  cdft^ptutes  or  a  dimhig'jnecei 
;nce  yon  may  proceed  to  take  cross  diameters  as 
directed;  always  b^;iniiB^  at  the  bottom. 

1.  Tlie  sum  of  eadb  pair  of  ccom  diaiiielenfliMst  be  dividad  bj 
ler  to,  obtain  mean  diameters. 

hen  ^e  sides  of  a  copiper  or  other  vend,  an  much  curved, 
at  accim^  is  .required,  crmb  diametert  rouit  be  taken  in  the 
)f  every  6  or  6  inches.;  but  in  practice,  10  inches  is  the  mott 
nt  number,  lor  in  multiplying  -the  area,  comsponding  to  each 
uneter,:iiy  10,  it  is  only  neoeanzy  to  Temove  the  decimal  point 
e  tovrards  the  rigbt-faand. 

« 

Tojmd  ihearea  and  conieai, 

miLE  I. 

1  the  area  corresponding  to  each  mean  diameter,  in 
able  of  Ale  Aretu,  Part  VII. ;  tthen  multiply  each 
y  its  respective  depth ;  and  the  sum  of  the  producta 
«  die  whole  content  requirei    (See  Rrob,  XIII., 

RULE  ir. 

ide  the  square  of  the  first  mean  diamrter  %y 
) ;  and  ^  quotient  will  be  the  area  df  ^^first 
ntal  action,  in  -ide  gallons. 

i  the  .area  tif  <efidi  'heriaental  section  in  the  sane 
t;  <dien  multiply  'each  «Fea  by  itsrespeotiTe^per- 


97S  OAtroiNa  ass  Fixma         (fast  ti.' 

peodictilar  depth ;   uid  the  mm  d  the  jvodncts  wilt  bi 
the  whole  content  of  the  cc^iper. 

Note  I.  If  it  be  required  to  Gad  the  quantltj  of  Uquor  contaiDed  rn  i 
tappet,  turj  urigned  depth,  niptioae  !t,8  fncbe*,  irtieo  the  meai 
■Jumeien  are  taken  !□  the  middle  of  evei;  10  uichea,  i«iiiave  tin 
the  decimal  points,  in  the  first  and  aectnid  areas,  one  place  towards  ihi 
ligiit;  and  muUiplj'  the  third  area  b;  1.8,  and  the  mm  of  the  thra 
ptoducis  will  be  the  content  of  the  copper,  at  84.8  Inches  of  the  per. 
pendlcular  depth. 

S.  It  ii  naredy  Mcenaiy  to  obMrre  Uiu  the  depth  of  the  Hquoi 
must  alwajB  be  taken  hBif-way  betweeo  the  Ride  of  the  tcsmI  and  Uii 
ixntieof  UiecromirBBbefiiiedincted. 

EXAMPLES. 

1.  Let  the  following  fi^re  A  B  C  D  represent  a  copper 
^eith  a  (ailing  crown;  it  u  required  to  gauge  and  fix  it, 
liccording  to  the  method  pracUsed  in  the  Excise. 


To  take  the  dimentums. 

First,  take  the  diameter  C  D  of  the  tt^  of  the  copper, 
which  you  will  find  to  be  49  inches ;  th^,  49  x  .7=34.3 
indies,  the  side  of  the  inscribed  square. 

Widi  this  number  quarter  U)e  top  of  the  copper,  a 
before  directed  ;  and  draw  four  chalk  lines  firom  the  quar* 
teiing  poiats  ta  the  bottmn. 

Measure  the  ^ameter  A  B,  which  you  will  find  to  be 
40  inches  ;  and  4(H-4=10.  Set  off  10  inches  fixim  A  to 
£;  and  ^  will  be  the  point  that  is  hal£-way  b^ween  the 
(^ntre  of  the  crown  and  the  side  of  the  vessel  i  heoce  -ks 


nd  the  perpendicalar  depth  £r^  to  be  40  in* 

;  made  marks,  vith  chalk,  upon  the  dimension 
>,  15^  25,  and  S5  indies  from  the  bottom^  phuse 
nixnent  perpendicularly  at  £ ;  then  brioff  a  rad 
:  with  it  at  m^  5  inches  fhvn  the  bottom«  mming 
3iital  line  m  a,  and  mark  the  side  of  the  copper 

same  at  n,  o,  and  x;  namelv,  at  15, 25j  and  S5 
>m  the  bottom;  and  you  will,  obtain  the  points 
d. 

transfer  these  points  to  t^e  other  three  quartev- 
;  take  the  necessary  cross  diameters;  and  enter 

men^ons  in  your  Note  Book. 

i  the  depth  of  the  copper  is  exactly  40  inches,  the  upper 
i,  tal\B  at  5  inches  from  the  top ;  b«t  if  the  depth  had  been 
ben  the  u];^)er  diameter  wouM  hate  fallen  at  4  mehet  Ikm 
imely.  In  the  middle  ef  the  last  8  hiches  of  the  depth.  II 
\ad  becm  42  inches,  the  upper  diameter  might  have  been 
nches  from  the  top ;  but  if  44  inches,  then  it  would  have 
ent  to  take  five  diameten,  in  which  case  the  upper  diame-^ 
ill  at  2  inches  from  the  top ;  namely,  in  the  middle  of  the 
:he8  of  the  depth ;  and  hi  Kke  manner  for  any  other  depths. 


BT  THE  tabu:  of  AI*E  ARIAS^ 

Tajifid  the  area. 

y  found  the  area  oonesponding  to  eadi  noean 
as  directed  in  Rule  J. ;  those  areas  may  be  en« 
the  Note  Bookj  onpoflile  to  their  respective  dia^ 
3  below. 

NOT£  BOOK. 
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ter^ 


50.7 
51.6 
48.4 

44.  d 


50.5 
51.4 
48.6 

44.7 


Sum. 

101.12 

109.0 

9T.0 

89.fi 
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51J9 
48.5 
44.6 


cc 
aa 


-r*> 


Areas. 

7.89 
6.55 
5.54 
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BY  THE  SLIDING  RULE. 

In  order  to  prove  or  check  the  results  obtained  by  the 
Table  of  Ale  Areas^  it  will  be  necessary  to  find  the  area 
of  each  section  by  the  Sliding  Rule^  which  may  be  done 
b^  either  of  the  following  proportions: 'As  the  circular 
divisor^  359*05,  on  A,  is  to  the  mean  diameter  on  B;  so 
is  the  mean  diameter  on  A>  to  the  area  on  B.  Or,  As 
tlie  circular  gauge-point,  18.95,  on  D,  is  to  unity  on  C; 
so  is  the  mean  diameter  on  D,  to  the  area  on  C.  (See 
Prob.  Xril,,  Part  IV.) 

On  A.      OnB.         On  A.        OnB. 

section  d(L 
^^  ^'loft^- J^^-^t-«  J^^-^L  •  } 7*39 section  cc. 

section  cuu 


OnD.    OnC.    On  D.        On  C. 

7*13  section  di. 

5.54  section  aa. 

Note,  The  depth,  mean  diameters,  find  areas,  are  transferred  to  the 
Spedmeo  of  the  Dhnenskm  Book,  at  the  end  of  this  section. 

Remark* 

It  is  immaterial  whether  we  begin  at  the  top  or  the 
bottom  section  to  find  the  areas.  In  the  last  example,  we 
haye.b^^  at  Uie  uppermost  section,  and  found  the  areas 
downwards,  in  succession;  but  in  most  of  the  following 
Problems^  die  areas  of  the  sections  are  found  in  the  same 
order  that  the  dimenaons  are  taken.  It  majr,  howeYcr, 
be  observed^  that  it  is  found  most  convenient  in  the 
practice  of  gatif^  and  jUxing  Victuallers'  tJtensils,  to 
enter  the  dimensions  and  areas,  in  the  Officer's  Dimension 
Book,  in  such  a  manner  tibat  the  dimensions  of  the  up* 
permost  section  and  its  area  may  stand  at  the  tc^  of  thQ 
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book ;  and  the  other  dimensioiig  and  areas  fi^ow  in  8tf c. 
cession.  (See  the  Note  Book ;  and  also  the  Specimen  of 
the  Dimension  Book  at  the  end  of  this  Sectkm.) 

To  Jlnd  the  content  of  tkeforegok^  copper. 

As  the  diameters  are  taken  in  the  middk  of  every  10  tn. 
Qhes,  we  have  (by  removing  each  decimal  point  one  place 
imards  the  right  J  55A  ale  gallons,  the  content  ^  thejtrst 
10  inches  from  the  bottom ;  65.5,  the  content  qf  the  second 
lOmches;  73.9,  the  content  qf  the  third  10  inches;  and 
713,  the  content  qf  the  fourth  10  inchee  :  Then, 

^le  Gallons, 
55.4, 
65.5 
73.9 
71.3 

266.1  whole  content. 


2.  How  many  ale  gallons  are  contained  in  the  forego* 
^g  coppet-^  when  the  hiean  depth  of  the  liquor  is  24.8 

inches  ? 

Contents. 

Ale  Gallons^ 

55.4  Jirst  10  ifiches 

65.5  second  10  inches 
7.39 X  ,4.8  ^35.472  upper  4.8  inches. 

l56.S72Ans. 


3.  The  first  mean  diameter  of  a  copper^  taken  at  the 
distance  of  3  inches  from  the  bottom^  measures  48.4  in- 
ches ;  the  second  at  9  inches  from  the  bottom^  64.6  in- 
ches; die  third  at  15  mches  from  the  bottom,  67^6  in- 
:^e8;  die  fourth  ,at  21  inches  from  the  bottom^  59*2  in« 
-hes  ;  the  fifth  at  27  inches  from  the  bottcan,  56.8  inches ; 
ind  the  sixth  at  34^2  inches  from  the  bottom,  namely,  in 
he  middle  of  the  last  8.4  inches  of  the  depdi,  measures 
H.4f  inches ;  required  the  area  of  each  section,  and  the 


Whole  content  HudettllDBs;  tb«  mea&depdi  bttiig^SS.4 


^„o.  Bif  Rule  n^  the  4irea  ef  the  Jni  seetim  i$  fimmd 
to  he  6.52,  ^/je  area  ^  «^«  second  section  8.30,  £*«  area  of 
the  third  sectim  9,24,  the  area  qf  the  fmtrtk  sedum  9.76, 
the  area  of  the  Jtfth  section  8.98,  and  the  area  of  ike  nxth 
seditm  ^^4^  (de  g(9lifm€.     ^      ^  .    ^     ^,_    .    ^.^ 

Also,  the  content  ^  the  frst  6  inches  from  theb^Uom,  u 
3012;  the  cmUent  of  the  second  6  inches,  4i9.S  ;  $ke  eomitni 
of  ike  third  6  f  »(Jto,  «6.44  /  the  content  cf  the  JitMrik  6 
inOtes,  58.36  /  the  o^ent  qfthefijik6  inches,  53.8S  /  «rf 
the  content  (f  the  last  «.4  inches,  69.216  ede  gaMons  ;  kmce 
the  whole  content  of  the  copper  is  326.016  tde  gallons. 

'Remark. 

The  coppers  of  Victuallers  have,  in  general^  Ji^Uing 
txowns ;  but  should  you  meet  with  a  Victualler's  copper 
that  has  a  rising  «rowB,  yott  must  proceed,  in  every 
respect,  as  directed  in  the  last  Problem;  namely,  by 
Quartering  the  cq)per;  taking  cross  diameters;  mea- 
gunng  the  mean  d^th  half-way  between  the  side  of  the 
copper  and  the  centre  of  the  crown,  &c.  &c. 


PROBLEM  IV. 

To  gantjge  and  fix  an  under  back* 

tinder  backs  have,  iB^^eneral,  either  rectangulai^ 
talar,  or  elliptical  bases  5  and  perpendicular  sides. 

ToiedieihedimetuKmt^ 

If  the  back  'be  rectangular,  with  flame  connrei^mt  in- 
gtruftient  take  the  mean  length  and  breadth;  if  k  be 
circular,  take  cross  diaineters,  f nim  which  find  the  .mean 
diameter;  and  if  it  be  elliptical,  meaaiire  ihe  Iramrvcne 
imd  cotgugate  diameters.  Also,  take  the  perpencKoihr 
depth,  toid  enter  OiAe  diwensiflnB  in  your  Nole  Book. 


(OCT.  I.)        vwmALiMMM'  mmiiua.  177 

Tojlnd  the  arm  tmd  ootUatt. 
RULE. 

If  the  badk  be  rectangohr,  divide  the  product  of  the 
length  end  iMreadth  by  282 ;  if  it  be  drcolar^  divide  the 
square  of  die  mean  diameter  by  559.05 ;  and  if  it  be 
elliptical,  divide  the  product  of  the  two  diameters  by 
359.05  ;  and  the  respective  quotients  will  be  the  area  of 
the  base  in  ale  gallons.  Multiply  this  area  by  the  per« 
pendicular  depth,  and  the  product  will  be  the  content  in 
ale  gallons. 

Note,  When  the  aidei  of  an  aoda^4)tck  aie  not  perpendicular  to 
the  base,  it  must  be  gauged  in  the  same  manner  as  a  gufle-tun.  (See 
ProUema  VI.,  VIL,  VIII.,  IX.,  and  X.,  of  this  SectkNL) 

EXAMPLtS. 

1.  The  mean  length  of  a  rectangular  under^back,  is 
58.6  inches,  the  mean  breadth  40.4  inches,  and  the  per- 
pendicular depth  ftSA  inches ;  required  the  area  and  con- 
tent, in  ale  gallons. 

BY  THE  PBN^ 

Tojmiikearea. 

Inchei. 
58.6  length, 
40.4  breadth; 

2844 
S344 


S8S)2867.44(8*895  ok  gallom. 

To  find  theconteni, 

Ak  gallons. 
8.4  area, 
25.S  depth. 

"672 
420 
168 


216.72  content, 

Bb 
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BY  THE    SLIDING  RULE. 


Thepr<^rti(»isfor  rectangular^  circular^  and  elliptical 
vessels,  may  be  seen  in  Problems  II.,  XIII.,  and  XVI., 
Part  IV. ;  and  Problems  iL,  ^d  IV.,  Part  V. 

To  find  the  area. 

On  A.       On  B.         On  A.        On  B. 

As%%%     :     58.6     ::     40.4     :     SMarea. 

To  find  the  content. 

On  A.     OnB.        On  A.        On  B. 

1     :     8.4     ::     25.8     :     216.72  content. 


Note.  The  dimensions  and  area  are  transferred  to  the  Specimen  of 
th^  Dimension  Book,  at  the  end  of  this  Section. 

2,  Required  the  area  and  content  of  a  cylindrical  un- 
der-back, whose  mean  diameter  is  38,6,  and  depth  32,4 
inches. 

Ans,  The  area  is  4.15,  and  the  content  154.46  ale  gallons. 

3.  Required  the  area  and  content  of  an  elliptical  un- 
der-back, whose  transverse  diameter  is  58.6,  conjugate 
40.4,  and  depth  28.6  inches. 

Ans.  The  area  is  6,59,  and  the  content  188.474  ale 
gallons. 

Remark. 

Circular  and  elliptical  backs  or  cooler^  are  not  unfie- 
auently  met  with  in  Victuallery ;  and  ar^  gauged  and 
nxed  precisely  in  the  same  manne^  as  under-backs.  A 
constant  dippmg  place  is  found  as  directed  in  the  next 
Problem^ 

Note.  Elliptical  coolers  are  generally  -wider  at  the  top  than  at  the 
bottom ;  hence  it  is  necessary  to  take  the  transverse  and  conjugate 
diameters  at  such  a  distance  from  the  baste,  as  will  ^v«  the  mean  ana 
of  the  liquor. 


I 
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PROBLEM  V. 
To  gauge  and  fix  a  rectangular  back  or  cooler^ 

To  take  the  dimensions. 

(See  ihe  fiUowhigJigure.) 

With  your  iKmension-tape^  take  tbe  breadth  of  the  end 
AD.  Double  the  tape,  and  extend  it  from  A  to  £,  at 
which  place  make  a  mark^  on  the  cooler^  with  chalk ;  and 
you  win  have  divided  the  end  A  D  into  two  equal  parts. 
Find  the  middle  of  the  end  B  C^  and  also  the  middle  of 
the  sides  A  B  mid  C  D^  in  the  same  manner;  then  with 
your  dimension-cane  or  other  proper  instrument^  measure 
the  mean  length  £  F^  and  the  mean  breadth  G  H ;  and 
enter  the  dimensions  in  your  Note  Book. 

Now^  as  coolers  are  always  fixed  in  an  inclinii^  posi- 
tion, in  order  that  the  wort  may  drain  o%  it  is  necessary 
to  take  the  dej^  of  the  liquor  in  several  places^  and 
divide  the  sum  of  these  depths  by  their  number  for  a 
inean  deptL  If  ten  dips  hie  taken^  thedivision  may  be 
performea  by  removing  the  decimal  point  one  place  to- 
wards the  left. 

^f^.  When  a  cooler  is  placed  in  such  a  situation  that  you  cannot 
get  round  it,  a  plank  may  be  thrown  across  it,  to  enable  you  to  take 
dips  in  various  ]iarts  of  the  cooler,  in  order  to  obtain  the  mean  depth 
^th  as  much  accuracy  as  posenble. 

Tojind  a  constant  dspping-^place. 

As  it  would  be  very  inconvenient  for  an  Officer  to  de- 
^enuine  the  mean  depth  of  the  wort^  as  directed  in  the 
last  artide^  every  time  he  has  to  gauge  a  cooler^  it  is  he- 
^^^xjxo  find  a  constant  dipping-place,  which  may  \k 
done  in  the  following  manner:  Having  obtained  the  mean 
^^,  as  already  directed,  try  in  different  parts  of  the 
cooler,  until  you  find  a  place  where  the  depth  of  the 
uquor  exactly  coincides  with  the  mean  depth ;  then  make 
a  mark  upon  .the  side  of  the  cooler,  with  white  paint, 
composed  of  white  lead  and  oil,  as  at  or ;  and  you  will 

Bb2 


have  a  oonstant  dippinguplace^  whidi  will  always  give 
yoa  the  mean  depths  ivhatever  liqaor  may  be  in  the 
cooler. 

For  the  sake  of  convenienoe  the  coi]3taiit  dmiiii^place 
should  not  be  far  from  die  dde  of  the  cooler ;  out  should 
you  not  be  able  to  find  a  suitable  place  near  the  side,  fix 
upcm  the  most  convenient  part  of  the  oool^,  and  observe 
Whether  the  depth  taken  there  be  more  or  less  than  the 
mean  depth.  If  it  be  less^  tiie  deficiency  must  be  added; 
but  if  it  be  more«  the  excess  must  be  subtracted*  For 
example^  sufqpose  the  mean  depth  to  be  4^6,  and  the 
dqoth  at  die  constant  dipping*place  4.S ;  then  «3  must  be 
added;  but  if  the  depth  at  «  be  4.7,  then  .2  must  be 
sttbtnacied. 

The  nmmbfv  to  be  added  must  be  marked  upoo  the 
side  of  the  cooler,  with  paint,  thus,  +^ ;  and  the  num« 
ber  to  be  subtracted  thus,  — .2,  Th^s  first  of  these  num* 
bers  is  read,  plus  tkree^4&Uhi  ;  and  die  second,  msaw  ttpo- 
taUki.  . 

2iMe,  If  the  cooler  be  empty,  it  will  be  neceaauf  to  coverits  bot« 
torn  with  water,  la  onte  to  find  a  mtan  dipi^opl«w> 


■  s 


Tojind  the  area  and  ccnUeni. 

RULE. 

Multiply  the  mean  lengdi  by  the  mean  breadth,  divide 
the  product  by  282 ;  anathe  quotient  will  be  the  area  in 
ale  gallons.  Multiply  this  area  by  the  mean  depths  and 
the  product  will  be  die  amtmt  in  ale  gallons, 

EXAMPLK8. 

1.  The  Wfeun  lengdi  £  F  of  a  cooler  is  116L8  indies, 
die  mean  breadth  G  H  68.2  indies,  and  the  dqpdis  of  die 
wort,  taken  in  ten  different  places,  as  below;  reqnived  the 
area  and  content  in  ale  galkms* 
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BY  THE  PEN. 


Tojlnd  the  area. 

Inches. 
1)6.8  /<en^^. 
68.2  breadth. 

2336 
9844, 
7008 


Divisor  282)7965.76(28.247  area  in  ale  galhns. 

Bb3 
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To  find  the  cenient. 

Aie  Gattms. 
28.25  areeu 
f^depiL 

14125 
IISOO 


127.125  canieni. 


BY  THfi  SLIDING  RULE. 

To  find  Ihe  area. 

As  the  square  divisor  on  A,  is  to  the  length  on  B;  so 
is  the  breadth  on  A>  to  the  area  on  B. 

On  A.       OnB.       ,OnA*         On  B. 
^^282     :     116.8     ::     68.2     :     2S.25  ale  galUms, 

To  find  the  content. 

As  unity  on  A,  is  to  the  area  on  B ;  so  is  the  depth  on 
A^  to  the  content  on  B. 

On  A.       OnB.       On  A.         OnB. 

Asl     :     28.25     ::     4.5     ;     127.13  ale  gaUom. 

Note  1.  The  length,  breadth,  and  area  are  transferred  to  the  sped- 
men  of  the  Dimension  Book,  at  the  end  of  this  Section. 

2.  It  appears  from  the  foregoing  depths  that  the  constant  dfppinf- 
place  may  be  either  at  <2  or  A ;  but  as  both  these  places  would  be  in- 
convenient for  that  purpose,  it  will  be  necessary  to  fix  upon  one  nearer 
to  the  side  of  the  cooler,  as  at  j?. 

3.  The  method  of  deducting  the  heat  from  warm  wort  is  described 
in  Problem  XIIL 

2.  If  the  mean  depth  of  the  wort^  in  the  fcn-^ing 
cooler^  be  6.4  inches ;  how  many  ale  gallons  does  it  oon- 
tain?  Ans.  ISOS  ale  gallon** 

S.  The  niean  length  of  a  vxctualler^s  cooler,  is  98.S  in- 
ches, the  mem  breadth  74.8  inches^  and  the  mean  depth 
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of  the  woKt  7.9  incbes ;  required  tlie  area  and  ecmtent  in 
'     aleaDcns. 

Jm.   The  area  is  96Sf!,  and  the  eanteni  187.704  ak 

I        m»B/mm 

I  Rkmark. 

Hie  bases  of  coolers  are  more  common] j  rectangles 
dian  acny  other  figures ;  if,  however^  tbe  base  of  a  cooler 
be  a  rbombus  or  rbomboides>  its  area  may  be  found  by 
Ph)b1em  III. ;  if  a  triancle,  by  Fh>blem  IV.  or  V. ;  if 
a  trapezium,  by  Problem  Y  I. ;  ii  a  trap&K>id,  fay  ProUea 
VIL;  if  an  in^g^lar  polygon,  by  Problem  VIII.  •  if  a  re> 
[pilar  pc^raon,  bjr  Problem  IX.  or  X. ;  if  a  drde,  by 
Problem  All  I.;  if  the  sector  of  a  drde,  by  Problem 
XIV. ;  if  the  segment  of  a  cirde,  by  *  Problem  XV. ;  if 
an  ellipse,  by  Problem  XVI. ;  if  the  sq^ent  of  an  el- 
lipse, by  Problem  XVII.;  if  a  parabola,  by  Problem 
XVIII. ;  if  a  compound  figure,  by  Problem  XIX. ;  and 
if  an  oval  greater  or  less  than  a  true  ellipse,  or  any  other 
indetermined,  curvilineal  figuie,  its  area  may  be  found 
by  the  method  of  equi-distant  ordinates,  as  described 
in  Problem  XX.,  Part  IV. 

Note*  When  victuallers*  coolen  are  in  Uw  form  of  ovals  greater  «r 
less  than  true  ellipses,  it  becomes  absolutely  necessary  to  gauge  and  Jlr 
them  by  tlie  method  of  equi-dlstant  ordinates.  But  a/ter  the  nu« 
merous  exraoplea  thaMiave  been  given  in  Problem  XX.,  Part  IV.,  it 
would  be  quite  superfluous  again  to  introduce  this  sulject  It  is  eoly 
•  necessary  to  observe,  that  any  figure  in  that  Problem  may  be  consider- 
ed as  the  base  of  a  cooler ;  and  that  the  method  of  taking  the  dimen« 
sions  and  of  finding  the  area,  in  tbe  real  Practice  of  Gauging,  is  precisely 
the  same  as  there  described.  The  manner  of  entering  the  dimensions 
and  area,  in  the  OfiScer*s  Dimension  Book,  is  diown  at  the  end  of 
tfaisSeetloB. 


PROBLEM  VI, 

To  gauge  and  fix  a  guHe-tun  in  the  form  of  the  frusUtn^ 

of  a  cone. 

To  take  the  dimensimu* 
First  quarter  the  tun,  as  directed  in.  Problem  IIL; 
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then  tak^  cross  diameters  in  tha  middle  of.  every  6,  S,  or 
10  inches ;  also^  measure  the  perpendicular  depths  and 
ester  all  the  dimensions  in  your  Note  Book. 

Note  1.  If  it  be  thought  more  convenient,  both  the  top  and  bottom 
of  the  tun  may  be  quartered,  as  directed  in  Problem  III.,  Part  VI. ; 
care,  however,  must  be  taken  to  make  the  quartering  points  at  the  top 
and  bottom,  correspond  with  each  other,  in  position,  which  may  be 
done  by  setting  ofi'  the  two  first  points  upon  tlie  joint  made  by  any  two 
adjoining  staves.  The  quartering  lines  may  then  easily  be  drawn  upon 
the  sides  of  the  tun,  or  struck  by  a  chalk-line. 

It  may  also  be  observed,  that  the  perpendicular  distances  between  the 
horizontal  sections,  must  be  t:t  off  upon  the  quartering  lines  in  the 
«ame  manner  as  durected  in  that  Problem. 

2.  When  the  sides  of  the  tun  are  much  inclined,  k  will  be  necessary 
to  take  cross  diameters  in  the  middle  of  every  6  or  8  inches,  in  order 
to  obtain  the  content  with  more  accuracy. 


To  Jind  the  area  and  content 

RULE. 

Find  the  area  corresponding  to  each  mean  diameter^  in 
the  Table  of  Ale  Areas,  Part  VII. ;  th«i  multiply  each 
area  by  its  respective  depth ;  and  the  sum  of  the  pro- 
ducts will  be  ttie  whole  content  required.  (See  Prob. 
XIII.,  Part  IV.) 

Xolt,  The  area  and  content  mty  also  be  found  by  Rule  lU 
Frob.  III. 

EXAMPLES. 

1.  Let  the  following  figure  A  B  C  D  represent  a  guile- 
tun  in  the  form  of  the  frustum  of  a  cone^  whose  perpeD« 
diculfir  depth  mn  is  42  inches;  the  mean  diameter  a  a, 
taken  at  5  inches  from  the  bottom^  63.7  inches ;  the  dia- 
meter b  hi  taken  at  15  inches  from  the  bottom^  66.2  in- 
dies ;  the  diameter  c  c,  taken  at  25  inches  from  the  bot- 
tom, 68.7  inches ;  and  the  diameter  dd,  taken  at  56  in- 
ches from  the  bottom,  71*4  inches  ;  required  the  area  of 
each  section,  and  the  whole  content  in  ale  gallons. 

Note.  The  first  three  diameters  are  taken  in  the  middle  of  every  10 
inches ;  but  the  fourth  diameter  is  taken  in  the  middle  of  the  last  12 
inches  of  the  depth. 


(ncf.  1.) 


BY  TUE  TABLI  Of  ALt  AHUB. 

To^  the  ana. 

Hiving  found  the  area  of  each  sectimi,  as  directed  in 
i1k  Role,  the  dimenuoas  and  areas  will  appear  in  the 
Note  Book,  as  exhibited  bdow. 


lA'*G«iletu«.fto.l.gaugedJan 

gS,1821. 

Depth. 

in 

Areas. 

iDcbea. 

Bottom. 

12 

36 

71.* 

dd 

14.20 

10 

SB 

68.7 

cc 

IS.1* 

10 

15 

66.2 

bh 

12.21 

10 

6 

63.7 

aa 

11.80 

BT  THE  SUDINO  RULE. 

As  the  drcuhit  divieor,  359.05,  on  A,  ii  to  the  mean 
i^xnieteT  on  B ;  so  is  the  mettn  diameter  on  A,  to  the  area 
<^  fi-  Or,  As  the  ciroular  gauge-point,  18.95,  on  D,  is 
lo  unity  on  C;  so  is  the  mean  diameter  on  D,  to  the  area 
wC.  (See  Prob.  XIII.,  PSrt  IV.;  and  abo  Prob.  III., 
PffltVL) 
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On  A*      OnB.        On  A-  On  B. 

14.20  section  dd. 


As  359.05 :  ^  gg;^  ^ : :  ^  g^;^  ^  :  ^  jgjgj  J^^J^  ^; 

30  section  aa. 

Note,  The  depth,  mean  diameters,  and  areas  are  transferred  to  the 
specimen  of  the  iDimension-Book,  at  the  end  of  this  Section. 

Tojind  the  content. 

Contents, 

Ale  gal. 

113.0  Jlrsl  10  itiches, 

122.1  second  10  inches. 
131.4  third  10  inches. 

1 4.2  X  1 2  =:  1 70.4  upper  12  inches. 

536,9  whole  content. 


Note.  The  bottom  diameter  of  the  foregoing  guile-tim,  is  68-4 
inches,  the  top  diameter  72.9  inches,  and  the  perpendicular  depth  42 
inches ;  from  which  dimensions  we  find  the  true  content,  by  Rule  I., 
Prob.  VIII.,  Part  V.,  to  be  536.4  ale  gallons.  Hence  it  xppeaxM  that 
the  Rule  in  this  Problem  gives  the  content  only  half  a  gallon  too  much, 
in  536  gallons. 

2.  How  many  ale  gallons  are  contained  in  the  fwego- 
ing  guile-tun^  when  the  depth  of  the  liquor  is  32.4  m* 
ches.^  Ans.  398.036  ale  galloms. 

3.  The  perpendicular  depth  of  a  guile-tun  is  38  in« 
ches;  the  mean  diameter  taken  at  5  inches  from  the 
bottom^  51.1  inches;  the  diameter  taken  at  15  inches 
from  the  bottom,  53.2  inches;  the  diameter  taken  at  25 
inches  from  the  bottom,  5\5.3  inches ;  and  that  taken  at 
34  inches  from  the  bottom,  57.2  inches ;  required  the  area 
of  each  section^  and  the  whole  content  of  the  guile-tun, 
in  ale  gallons. 

Note.  The  first  three  diameters  are  taken  in  the  middle  of  every  10 
inches ;  but  the  fourth  liiameter  is  taken  in  the  middle  of  the  last  8 
inches  of  the  depth. 

Ans.  The  area  of  the  Jirst  section  is  7*27>  the  second 
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section  7-88,  the  third  iecfkm  S.5i,  and  the  area  ^  the 
fourth  section  ^Al  ale  gallons;  hence  we  Jlnd  the  whole  con» 
tent  of  the  tun  to  be  3(^.5S  ale  gallons. 

PROBLEM  VII. 
To  gauge  and  fix  a  circular  guile-'tun^  with  curved  sides. 

To  take  the  dimensions. 

Quarter  the  tun^  as  directed  in  Problem  III. ;  then  take 
cross  diameters  in  the  middle  of  every  6^  8,  or  10  inches ; 
also,  measure  the  perpendicular  depths  and  enter  all  the 
ctimensions  in  your  Note  Book. 

Kate,  When  the  sides  are  much  curved,  cross  diameters  must  be 
taken  in  the  middle  of  every  6  or  8  inches. 

To  find  the  area  and  content, 

RULE. 

Find  the  area  corresponding  to  each  mean  diameter,  in 
the  Table  of  Ale  Areas,  Part  VII. ;  then  multiply  each 
area  by  its  respective  depth ;  and  the  sum  of  the  pro- 
ducts win  be  the  whole  content  of  the  tun.  (See  Prob. 
Xin.,  Part  IV.) 

Note  1.  The  area  and  content  may  also  be  found  by  Rule  II., 
Prob.  Ill 

2.  A  circular  guile-tun  is  sometimes  made  of  a  hogshead,  poncbeon, 
or  fnpe,  standing  upon  one  end  ;  the  other  end  being  sawn  off,  or  taken 
out. 

EXAMPLES. 

1.  Let  the  following  figure  A  BCD,  represent  a  cir- 
cular guile-tun,  whose  perpendicular  depth  is  40  inches ; 
the  mean  diameter,  taken  at  4  inches  from  the  bottom, 
46.3  inches ;  the  diameter  takai  at  12  inches  from  the 
bottom,  49.6  inches;  the  diameter  taken  at  20  inches 
from  the  bottom,  53.2  inches ;  the  diameter  taken  at  28« 
inches  from  the  bottom,  54.4  inches  ^  and  that  taken  at 
36  inches  firom  the  bottom,  50»8  inches;    required  the 
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I  of  eadi  section,  and  tlie  whoTe   content,    in  sk 


BY  THE  TABLE  Or  ALB  ARIAS. 


Having  found  the  area  of  eadt  section,  aa  directed  in 
the  Rule,  the  dimensions  and  areas  will  appou  in  tbe 
Note  BocJt,  as  below. 


A.  B.-S  OuUe  Tun,  No.  3,  gauged  Jan.  23,  1821.  | 

DiviilonB  in 
Inches 

Depths  from 
the  Bottom. 

Mean  Dia- 

A«. 

8 
8 
8 
8 
8 

S6 
38 
20 
12 
4 

50.8 
54.4 
55.2 
49.6 
4&8 

7.19 
8.S4 
7.88 
6.85 
5:97 

BV  THE  8LID1N0  BULI. 

As  the  circular  divisor,  35g.05,  on  A,  is  to  the  nwan 
diaioeteT  on  B ;  so  is  tJ)e  mean  diameter  on  A,  to  the  ira 
on  B.    Or,  As  the  circular  gange-pctnt,  1 8.95,  on  D,  is  I* 
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■JtrmC.-nisllieiiieHidiuMtargBD,  totbaaKBoi 

OnA.     ObB.       On4.       OoR 


l6.i 


/■97Jlnlit 
vaoauftned  t»ika  q 


^  DinnMiMi  BMk,  at  the  end  ftf  mb 


Tojmdtlu  oonftm. 
*«■  flepU..  CWnm 

S       "         ?        =        «-76>i(8..»fe.. 
?..        *         5        "^        M.80««»»ii(si«ito. 

S!        X  »         =         65.9S>«rt*  8  incto. 

'■'9      X       »      «      w.aj^Sftisii^to. 
8«9.M«M.ci|Btoi/,. 

Br  TU  aUDlHO  Rou, 

OnA.    OnR      CtoA.      0«B. 

•«.Wjfr«  9  ■■»£*<» 
|«4.«(>*eco»irf8tftcfe», 
"X04  /^'nj  9  tttehetl    ' 

■Oi  fohoie  content 


MQ  .  oaitj  enns  asb  mxisq         (jtAMT  vi.) 

8 -Required theiiuinber rfale gaUons coadamed  in Aei 
ibWMwitte  «ttile-t»»n*  when  the  dejfli.  of  the  Iwuor  is  38.4 
Hs  ^w.  218.S86  «te  «tta»w. 

S  The  perpendicular  depth  of  a  droJar  gufle-tun, 
made  of  a  Nyine-plpe,  is  4/  ijiches  i  tlife^ni«m  diato^, 
taken  at  *  inches  from  the  bottom,  38.4  inches ;  Ae  dia- 
meter taken  atK  inches  froij  the  hottom,  StAj^^^ 
the  .diafaietet  t*«n  at  20  inches-  from  the  bottom,  32.0 
inctei  the  diameto  taken  at  28  mAes  from  the  bottom, 
31  5'  inthfes :  and  that  taken  at  37  inches  from  the  boU 
toia,i9^io(iiea;  jrequired the  area  of  each  seetum,  and 
the  whole  content  in  ale  gallons.  > 

jlnt   The  area  ofthefira  tectum  u  2.25,  the  second  2.71, 

*Ae  ^Vi  ?96, 4«*  'ffi  "ISTif  tlot/S 
has;   hen6e  me  fnd  the  whole  content  to  be  110.14  ofc 

gallons.  ■    .  ■,     , 

PBOBtEM  VIII.     . 

To  eauee  and  fix  a  guile-tm  in  the  form  of  the  frustum 
Mogu.  s       .  J  ,    ^y ^^  eiUptidal  cone. 

.  1,'     V.  '  ' 

■  •    »    :       .■"  .'..•■  •       .     ' 

, .  , .   ;'.  •:  To  take  the  dmensumt. 

By  W^leihiXIXl,  Part  IIL,  or  by  repated  trW^  as 
dirert^in  Note  1.  Problem  XX.,  Part  IV.,  find  the  trans- 
rS«Sd  conjugate  diameters  of  the  bottom  of  the  tun. 
mZ  find  the  exti^mUfes'ofTfli*  ttwfe^er^  and  conjugate 
dieters  of  the  top  of  the  tun ;  thep,  dray ,  hnes,  with 
S'^Up  W  iAaSe  "o!f  tlte' vessel,  from,  .the  extr«mt.es 
^i  bottom  diameters  to  the  extremities  of  the  top 
diameters;  and thetuftwiU be «r«i^qi|«rtend         . 

midSTpf  l?very  6,  §,  <«  10  mdies,  ^  directed  mProb- 
\«n  IHx.  Part  VI.  J  peAsuas  the-  tr^erw  aijdbonju- 
Z,  &5S,of  4ch  *cti«mf  also^e^  peT^Kh- 
Sto S^sorShj<ves8el,>d;«i^  aHth^  pensions m 

your  Note^Bopl^:,,,     ,..,  ■ 


(sect.  I.)  TI€TVA£L«ftft^  rtSKMLS.  4W 


-ff 


RULE. 

Multiply  the  transverse  diameter  of  the  first  section^ 
by  the  conjugate;  davide  the  productNby  359j0i5';  juad  the 
quotient  will  be  the  area  in  ale  gallcos.  Find  the  area 
of  each  section  in  the  same  mamer;  then,  multiply  each 
area  by  its  respective  depth ;  and  the  sun  of  thq  pro- 
duds  wHi  be  the  whole;  content  of  the  tun* 

'     EXAMPLES. 

1.  The  perpendicular  depth  of  a  gtfile-tun  in  tfae'ibrm 
of  the  firuBtum  of  an.  dtiptieal  cone,  is  30  inches ;  the 
transverse  and  conjugate  diameters,  takeki  at  5  inches 
from  the  bottom,  measure  34.2  and  25.3  inches;  at  15 
inches  firam  the  bottom,  40.5  tod  &9J6  inches ;  and  at  25 
indies  firom  the  liiottom,  46.4  and  33*8  inches  ;  required 
the  area  of  each  section,  and  the  whole  content  of  jthe 
tun,  in  ale  gallons. 

BY.  THE  PEN.  « 

To  ^nd  tk^  area* 

Here  d4.2x25.3-r359.05s865.26-f359.05=2.409  ak 
gallons,  the  area  of  the, first  Mction;  40.5 x29.6-r 359.05 
ssll98.8(H<^59.053»3^338  nk  galkms,  the  area  of  the  se- 
cond section^  and  4614x33*3^359.05=1568.32-^359.05 
=4.367  ole  gallon^ f  the  area  qf^  Jthe  third  section. 


As  the  circulisr  iilivisor  ob  A,'  is  to  tfie  tra)2&veride  diii- 
meter  on  B;   so  is  the  conjugate  diameter  (HiA,tdthe 

On  A.      CM  B.         On.Ar;    OtlB^   1  •  r  1 :  ..  > 
(34.^ )  <    (25«S)     (2.41  ifirst jiecfimiiT 
AsS60.O5  :  ^4a5  ycrV  29.6:JhXA34:\j«c^ 

.(4ft4J       (33,8^     (4.37  i^rd  section. 

Cc2 


9SH 


OAironi9  Am  WBanf^        (pamp  ▼!«) 


The  dimenrions  and  areas  williq^pear  in  the  Note  Book^ 
as  below. 

NOtE  k)OK. 


( A.  A'«  Gtiik  Tm,  ^a  9, 


Divisions  in 
ln(:he& 


10 


10  ' 


ID  • 


ibttitlie 
Bottodv 


25 


15 


Tmnsvene  and 

CanjogBte  DiftJ 

motttrs. 


t 

c 


'.  46.4T 
.  S3.8  j 


T.  40.51 
C.29Si 

T.  34«2  ) 


*  ■»■ 


t^  1«^  1891. 


4,87 

< 

2.41 


iVb^.  The  dimensions  and  areas  are  tiansfeiTed  to  tbo  specimen  of 
the  QimensJon  Book,  at  th^  end  of  this  Sectioik 


To  Jbidike  c^ent^ 

ConierUs. 

M.I  JirttlO  imkdi^ 

4S.7  third  10  mafefc. 
101.2  ivAofecontenl. 


2.  Required  the  number  oi^  ale  gaUons  contained  in  t^ 
finc^Soing  guile«tan»  when  the  depth  ctf  the  liquor  is  S3.4 
imshes.  Ans.  T%S5^  ok  ffJkm^ 

3.  'the  perpendicular  depth  of  an  elliptieal  ^^uile-tun 
is  40  inches;  the  transverse  and  conjugate  diameti^ 
taken  at  5  inch^  ftoto  the  bottom,  mtesute  40.6  tnd  57*^ 
inches;  at  Idixidbta  froiithe  botixixi»5&4  and  41.7  io* 
diei;  ai  25  indite  ftohi  tiie  b<)t4!Qin,  6l.Qand.4&2in- 
diei}  and  at  S5  inchea^froiii  the  taotUnia  67.S  and  sa5 


(mr.k)         vicvdju.£XU^  rasNtix.8.  SBS 


coDtent of  the  tiin^ jnlde gttUobi.  '     •    '  .  ."(       • ..  «    f  .• 
Ans:  The  area  ^  the  frit  mctim  t*  5.92^  iife  seeotid  6:M, 
/!^/Am{  7.93,  «^  ihefowUi  9.47  ate  galbmi;  heitceipe 
^  the  nfhok  conteniio  be  29Q.5  ok  gallons. 


PROBLEM  IX. 

Tb  gauge  and  fix  a  guile-tun  with  an  elliptical  bas^  and 
a  circular  top,  generally  cMed  ct  cigtindroid. 

To.takethidmenrioMk 

Find  the  transrerse  and  conjugate  diameters  of  the 
bottom  of  the  tun,  as  in  the  last  Problem.  Also,  quarter 
the  top,  as  directed  in  Problem  III. ;  taking  care  to  make 
the  qusoptering  points  at  the  top  and  bottom,  correspond 
with  each  ^jther,  in  position^ 

Having  thus  quartered  the  tun,  measure  transverse  and 
comugate  diameters  in  the  middle,  of  every  6,  8,  or  10 
incites  ;  also  take  the  perpendicular  depth  of  Uie  vessel, 
and  ^nter  all  thA  dimensi(X)S  in  your  Note'  Book*   .. 

ToJlndiheareaandaanienL 

Divide  the  product  of  the  two  diameters  ot  the  first 
section,  by  d59.05 ;  und^e  quotient  will  be  the  area  .in 
ale  gaUims.  Ffnd  the  area  of  each  ^eetion.  by  a  similar 
process;  thee  multiply  each  area  by  its  corresponding 
depth,  and  the  sum  of  the  product  wijl  be  the  content 
required. 

iVote.  As  the  base  of  a  t^Un^bnoid.  is  i|n  ellipse  and  the  top  a  circle,  it 
is  evident  tliat  the  horizontal 'sections  taien  in  the  middle  of  eviexy  6» 
8,  or  10  inches,  cannot  be  true  ellipses ;  consequently  the  areas  found 
by  the  above-  Role,  will  not  be  tnathematicaliy  correct ;  although  near 
enough  the  truth  for  all  praqtiqal  purposes.  (See  RQnmrk9  at  the  end 
of  Problem.  JIX.,  Parti  V.>, 

» 

U^AMPLBS. 

I.  The  perpendicular  depth  of  a  guile-tun  in  the  form. 

CcS. 


WSit  oMTGiHs Aroriznm         (past  vi^ 

«Fftc^dMd,  i»iSO' inUieB ;  ihv  mb^hsne  and  ooi^iil 
gate  cuameten,  )aken  at  5  inldns  ftom  the  bdt^om^  imb^i 
atlxe4«.aaiid^7-6lndM'i  at  l£  indieto  ftom  did  bottunj 
89.8  and  ^dw9  mebn;  ihd  at  M  inc&aa  ftonk  tfie  hcikomM 
35.6  and  33.8  indn^i  i^mr^  the  am  cf  aadi  aectionj 
and  the  whole  content  of  the  tun^  in  ale  gaUoos* 

BY  TUl  Pfiir. 

Tojlnd  the  area. 

Here  44.8x37.6-r^5a05^l665.68-^359.05=4.639  aie 
gallons,  the  area  <^  ike  first  section;  39.8 x  35.9-r-359.05 
^l^%A%'^SSQ.05cS.gi9  ak galUms,  the  area  <^  the  se* 
cond  section;  and  35.6xdd.8-4-859.05=12O3.28~359.O5 
=s3.351  akgattans,  the  area  tf  the  third  section. 

'■  BY  TBE  BLID'flfG  RUIS. 

As  the  circttlar  divisors  on  A>  is  to  the  transveraa  dia» 
meter  on  B ;  so  is  the  conjugate  diameter  on  Aj.  to  die 
area  on  B. 

On  A,.    On  B.        On  A.       OnB. 

{44.3  )       (  37.6)     r  4.64  Jd^st  sedkm. 
89.8  }::■{  85.9 >  : <  S.9S  s^md section. 
35.6  }       {  S$.^  3     (  S.S5  third  sectkm. 

The  dimenslMftS  «fid  ai^eas  Ir91  appter  in  tlie  Note  Book, 
as  below, 

NOTE  BOOK. 


A.  B:s  GuUe  Tun,  No.  4,  gauged  AprU  IB,  1821. 

I   'I         y  I      ■ ■_   ■!■    I  mttmmmm^mm^mmmmmmmtmm 


^^^^^X. 


Inches. 


10 


10 


10 


Bottom. 


25 


15 


Transverse  and 

Conjugate  Dia« 

meters. 


T.  35.6  7 
C.  33.8  J 


T 
C. 


'.  39.8  \ 
.  35.9) 


T.  44.31 

c.  37.6  / 


Areas. 


3.35 


3.98 


4.64 


4&4  firH  10  i 
39.8  #eooml  10 1 
33>5  /Ain{  10  inclus. 

UQ^flfMe  coHieiU. 

2.  How  many  gaQons  «re  ^ontaiiied  in  the  fyr^gmg 
gnile-tuxi^  when  the  depth  of  the  liquor  10  Sffi.7  iaohes  ? 

Jm.  lOS.646akgMmi. 

Su  The  per|)eodiciikr  depth  of  a.giiile*tati  in  the  Ami 
of  a  e^rlindrdd,  is  40  inehesf  the  transverse  and  oonju- 
gate  diameters^  taken  at  5  inches  from  the  bottom*  mea* 
sure  62.7  and  55.4  inches ;  at  15  inches  from  the  bottom, 
58.8  and  5S,6  inches^;  at  S5  inches  from  the  bottom,  54.9 
and  51.8  ;  and  at  35  inches  from  the  bottom  50.8  and  49.7 
inches;  required  the  area  of  each  sectioli»  and  the  whole 
content  ai  the  tun,  in  ale  gallcms. 

Ang.  The  area  ^ikeja^  section  i^gSj,  ike  seetmdBJifS, 
the  tMrd  7«9S«  and  ihefmrtk  7-08  ok  gallomi  hence  we 
JmdthewhakconieniioleSS^akgaom. 


^  PROBLEM  X.  , 

To  gouge  and  fix  agmh-tun  in  ike  form  ef  the  frustum 

of  a  square  pyramid. 

To  take  the  dknensiom. 

With  some  conTedent  instmment  take  the  perpendicu- 
lar dejptii  of  the  tun  ;  also,  measure  the  side  of  the  tun 
in  the  jniddle  of  every  tii,  8,  or  10  indies;  and  enter  all 
the  dimensions  in  your  Note  Book« 

Note  1.  The  perpendieuUir  distances  betwedp  the  hocisontal  sections, 
must  hesetqf  upon  the  inside  of  the  vessel,  ss  diiected  in  Prohlem 
ni.,  Pwt  VI. 


296  -  OAUSINO  ANDVIXIHO  (paAT  VI.) 

i.  Aa  Teasels  tMt  assume  the  toaa  of  tbe  fruHum  of  a  square 
ITiamid,  bi«  seldom  fmftetij  aqvAti-it  is.'nenaBuy  to  measure  eactt 
side,  and  divide  tbe  eum  of  the  udes  by  4,  to  find  the  mean  side. 


Sjvarei.    (See  Semarks  at  the  end  of  Prab,  VI.,  Sect.  II.,  Pan  VI.) 

To^find  the  area  mid  amtaii. 

RULE.: 

Multiply  tbe  side  of  the  first  horizmtal  section  bv  it- 
sdf ;  divide  the  prodnct  by  S83,  and  the  quotient  will  be 
the  ares  in  ale  gallotu. 

Find  tbe  area  ef  eadh  section  in  the  same  manner ; 
-  then  multiply  each  area  by  its  reapeetive  perpendicular 
Aa^  i  and  the  sum  oP  the  prdducts  will  be  tlie  wh<rie 
content,  in  ale  gallons. 


1 .  The  perpeadieiUar  depth  m  Mi  of  the  guUe-tan  A  B  C  D, 
in  tbe  form  of  a  trustum  of  a  square  g^nmidi  is  8S  in- 
ches ; '  the  mean  side  a  a,  6  inches  irom  the  bottom,  SS.2 ; 
the  Si&ebh,_  1&  inches  from  the  bottom,  40.4;  and  the 
side  cc,  86  inches  fivta  tbe  bottom,  48.6  indies  ;  required 
the  area  of  each  sectirai,  and  ijte  whole  content,  in  ale 
gallons. 


(«cr.  I.)       yicTVALLMMg"  irrsxsiLs. 


S97 


BY  THS  PIN. 

.  To  Jlnd  the  area. 

Inches. 

3S«S  mean  side  a  a. 

664» 
996 
996 


Divisor  S83)1 102.94(8.908  area  in  ak  gallons. 

Abo,  40.4.x  40.4n4-282=:16S2.1(J^28«=5.787  ale  gaU 
ioni,aearea  of  the  Hccnd  Section  ^  and  49.6x^.6^^^82 
=2Ml.96-r«82=:8.875  tde  gaOms,  ihe  am  ^^  ikM 


M  tut  ittinwo  nvvft. 

As^sqaiMdivfadronA^iftothe  tntaa  M^  MB; 
soisthe  mean  mdtf  onA^  to  the  MvudftB.  Qr^Mthe 
*V»»e  migeMoimb  on  D,  is  to  iini^  caC;  bo  is  tte 
mean  side  on  D^  to  tbe  aiea  on  C. 

On  A.    On  B.       On  A.       OnB. 

fS3.2)       f3S.2)     tSSlJirsiseciion. 
^^282  ;  ^40.4>::  <40A>:<5.7Q  second  section. 
(48.6)      (48.6  j     i6.8i  third  section. 

Tbe  dimeiiadijii  and  arett  wOl  wpciii*  In  the  NMe 
Book,  as  below.  ^*^ 


NOTE  BOOK- 


4^'sSq.69iikTun,No,},  ganged  MurtJ^6, 1821> 


IHviiieiis 

in 
Inches. 

12"" 

id 


D^lptfas  ftaok 
Bottom* 

"IT' 

15 

5 


^i^ 


Mean  Sides. 


mim 


48.6 
40.4 
85.2 


ii<       i   1  II  ^  U  I 


ArcAs. 

8.88 

5.79 
8.91 
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* 


Nde*  The  dimensions  and  areas  are  transferred  to  the  specimen  o: 
the  Dimension  Book,  at  the  end  of  this  Section. 

To  Jvnd  the  content. 

ContefUs, 
Ale  gallons. 

S9d  firH  10  inches. 
57.9  second  10  inches. 
8.38  X  12=100.56  iipper  12  inches. 

.197«56  whxie  cmUeni. 


2.  How  mimy  ale  f;aU«is  ai?e  oontained  in  th^.  fore- 
going guile-tun,  when  the  depth  of  the  liquor  is  27«&  in- 
dies? Ans.  l62.S64f  ale  golfcm*' 

3.  The  side  of  a  square,  pyramidical  guile-tun,  at  5 
inches  from  the  bottom,: measures  40.2i  at  15  inches  from 
the  bottom,  52.3 ;  at  25  inches  from  the  bottom,  55S ; 
at  95  inehes  from  the  bott^m^-^  58.4;:  at  4&, inches  from 
the  bottom,  6l«2  indies j.jequured  the  area  of  each  lec- 
tion, and  the  whole  oaiitent,;in  lale gaUitns;: its  perpendi- 
cular dq)th  being  52  inches.)  '     )• 

Note.  The  first  four  dimensbns  «re  ti^en  in  the  middl^  of  every  10 
inches;  but  the  fiftii  dfanension  is  taken  in  the  middle  of  the  last  12 
incheff  of  the  depth*  \  -      '  \  ' 

Ans.  The  area  €f:thejirsi  Sfctio^  isSfSS,  ik^  second  seclkm 
9.70,  the  third  section  10.81',  tKeJburthseciion^Q.09,  and  the 
0h  section  13.28  ak  gallons,^  hence  wejmdthe  whole  con' 
tent  of  the  tun  to  be  571.16  ale  gallons. 

PROBLEM  XL 

To  gauge  and  fi^  a  guik'tun  in  thi  form  of  the  frustum 
of  a  rectangular  pyramid^  or  a  pris§noidi 

I 

To  take  the  dimensions. 

With  some  oonveipent  instrum^t  take  the  perpendicu* 
lar  depth  of  the  vfssel ;  also,  measure  the  mean  length 
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t    and  breadth  in  the  middle  of  every  6,  8,  or  10  indies ; 
and  enter  all  the  dimensions  in  your  Note  Book. 

Ndie.  Messure  both  sides  of  the  vessel,  divide  the  sum  by.  2,  and 
take  the  quotieDt  for  the  mean  length.  The  mean  bnadth  nost  be 
found  in  the  same  manner. 


To  find  the  area  and  content, 
RULE. 

Multiply  the  mean  length  of  each  section  by  the  mean 
breadth ;  divide  each  product  by  282  ;  and  the  quotients 
will  be  die  areas  of  the  respective  sections,  in  ale  gallons. 
Multiply  tJie  area  of  each  section  by  its  respective  per- 
pen^colar  depth  ;  and  the  sum  of  the  products  will  be 
the  whole  content  of  the  tun,  in  ale  gallons. 

EXAMINES. 

1.  The  perp^dicular  depth  of  a  guDe^un,  in  the  form 
of  the  frustum  of  a  rectangular  pyramid,  is  30  inches; 
the  mean  length  and  breadth,  taken  at  5  inches  frmn  the 
bottom,  measure  S6  and  26  indies ;  at  15  inches  fiom  the 
bottom,  42  and  32  inches ;  and  at  25  inches  fixym  the 
bottom,  48  and  38  inches;  required  the  area  of  each  sec* 
tion,  and  the  whole  content,  in  ale  gallons. 

BY  THE  PEN. 

To  find  the  areA. 

Inches. 
36iengih. 
26  breadth. 

216 

72 

pivUor  282)936(3.319  area  in  ale  gtdlons. 

il/!io,^xS2-T-S82= 1344-4-282 =4.765  ak  gallons,  the 
area  qf  the  second  section;  and  48 x  38-7-282=18244-282 
a:6.468  ale  gallons^  the  area  qf  0ie  third  section. 


8«» 
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BV  TtrC  SLIDING  ROtiB. 

As 4hA affli«re divirar  on  A»  ufeothe  knglh  on B;  ao 
is  the  breadth  on  A,  to  the  area  on  B. 

On  A-    On  B.     On  A.     On  B. 

C^i       t^)    1 3S^  JM  section. 

(48)       {Uy     IQAI  tUrd aectirn 


The  dimc^on^  pi^d  lu?^  will  appear  in  the  Note 
Book>  as  below. 


NOTEBOOK. 


Divisions 

in 

Inches. 


9WW 


10 


I 
I 


'ttrt,  #a  2,  gdfiged  Marcfi  12,18^1, 


Depths 

fit>m  the 

Bottom. 


tff 


Mean  Lengths 
find  '.  - 
Bicadths. 


10 

u 

1 

10 

z 

L.48) 

3.32f 
.26j 


B 


Areas. 


«L47 


4.77 


8.32 


i 


i\^  The  (pensions  and  areas  are  transferred  to  the  apedmen  of 
the  Dimension  Book»  at  th^,.end  of  .t(us  ^eotipn.  -r«««w"  «* 


To  fi»d  ih^  coHienk 

Contents, 
AiegaUone^ 

3S^  jirgt  10  mcheii 
47*7  second  10  indues^ 
^4,7  ^^rcl  10  inchss. 


T— r 


£•  Hdw  maty  ite  gdHoaB  are  cofltdii^  (n  tiicf  ibre« 

gbteg  8iiae4^  wken  Ae  dcpdi  «r  tht  liqiMir  it  3(K8  dei^ 

^  ebea?  jfiM.  iS1.0Sl  okj^Mm. 

&  Tht  ptqieiiJiealiBr  depth  ef  a  giiikMtm>  ib  ^e  Ibrtn 
flC  *  IKisBMid^  18  40  indieft ;  dra  mean  Usigth  a&d  Ineaiich, 
tekitoat  5  IndKt  frem  the  boCtom,  aieaBuve  5&4  and  41.1^ 
inches ;  at  15  inAei  &dtn  the  botttxn,  60.8  and  44.8  in^ 
ehes  J  at  25  inchee  frota  the  bottom,  65.7 ai^d  48.6;  and  at 
85  iiiEliea  fbtti  the  bottom^  71*2  m  51.9 ;  rttn&ttA  tike 
aiei  «f  eacdi  netion,  tfid  the  whole  eontent  hi  At  grilmia. 

ifitf.  2%e  arm  cf  tkt  fitA  ieeNcin  ig  8 J4^  the  tecond 
9JBI&y  the  tkttd  11.88,  and  ike  fmtHh  18.10  tHe  gaSms: 
hence  n^e  JM  tki  mMe  eonteiU  of  ihe  ttm  to  be  ¥t^.t  aHe 
gallons. 

Remark. 

Having  gitten  the  mediods  of  gaugfng  and  iSzinff  all 
kindb  of  guileiituns  that  generally  occur  in  victuaJJeryj 
it  only  remains  to  observe,  Uiat  if  a  guile-tun  should  be  met 
with  whose  base  18  a  triangle,  a  trapeaium,  a  tnmeaoid,  &a 
&C.  such  dimensions  must  be  taken  as  wiU  givetne  areas  of 

hcfrlaontal  sectievis  fai  Ae  middle  of  etery  6, 8,  or  1 0  inches  of 
the  perpendicular  depth.  Then  multiply  oich  area  by  its 
corresponcting  depth ;  and  the  sum  of  the  products  will 
foe  the  whole  content  of  the  tun.  (See  the  Remaik  at  tiie 
end  <^  Frob.  V.) 

PROBLEM  }tIL 
TkB  method  of  gauging  by-tuba. 

Byv^tdba  are  sueh  wsisls  as  are  liot  find  iA  the  Officers 
DimcnsicRi  Boob  They  atfe  oenent^  aaiall,  ef  Vasious 
and  irregular  ftrm8 ;  anid  used  by  TirtuaUeis  for  cooGng 
their  wort,  or  for  workii^  small  qoHititiea  of  beer,  when 
the  fixed  vessels  are  too  fulL 

To  take  ike  dhmniiinB. 

Whatever  be  tlie  form  of  th^  veosd,  audi  mean  dimeuik 

Dd 
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Q0D8  mtist  be  taken  as  aie  inoet  likdy  to  give  tile  true 
content  of  the  liqnor.    Thus,  if  the  vessd  oe  a  psral|el-< 
opipedon,  measure  the  mean  length  and  breadth  ;  if  it  be 
a  cyhnAer,  measure  the  mean  diameter;  if  it  be  the  frus« 
turn  of  a  r^ht  cone,  measure  the  mean  diameter,  at  half 
the  perpencucular  depth  of  the  liquor,  in  order  to  reduce 
the  vessel  to  a  cylinder ;   and  if  it  be  the  frnstam  o£  an 
elliptical  cone,  measure  the  mean  transverse  and  oonju- 
ffate  diameters^   at  half  the  perp^idicular  depth  a£  the 
uquor ;  and  when  their  difference  is  not  great,  take  half 
their  sum  for  a  mean  circular  diameter,  thus  reduciii^  the 
vessel  to  a  cylinder.    Also,  in  every  case,  take  the  mean 
perpendicular  depth  of  the  liquw ;  and  enter  all  the  di- 
mensions in  a  vacant  column  of  your  Survey  Book. 

Note  1.  In  order  to  find  a  mean  diameter  at  half  the  perpendicular 
depth  of  the  liquor  contained  in  a  vessel  in  the  form  of  the  ftustmn  of 
a  right  cone,  standing  upon  its  less  base,  place  a  rod  perpendleulazly  to 
the  bottom  of  the  vessel,  and  touching  the  side ;    then  the  distance 
between  the  other  side  of  the  vessel  and  the  rod,  measured  at   the 
surface  of  the  liquor,  will  be  the  mean  diameter  sought.— By  a  rfTwiigr 
process  you  may  obtain  the  mean  transverse  and  conjugate  diameters, 
at  half  the  perpendicular  depth  of  the  liquor  contained  in  a  vessel  in 
the  form  of  Uie  frustum  of  an  elliptical  cone. 

2.  The  foregoing  method  of  reducing  a  vessd  in  the  farm  of  the 
frustum  of  a  right  cone,  or  an  elliptical  cone  to  a  cylinder,  is  not 
mathematically  correct ;  but  it  is  generally  adopted  in  practice,  because 
the  content  of  the  liquor  can  be  found  by  the  Sliding  Rule,  without 
finding  the  area  of  the  vesaeL 

To  find  the  contend 
RULES. 


BY  THE  PEN. 

1.'  When  tlie  vessel  is  a  parallekypipedon,  multipiy  the 
mean  lenf^^  breadth^  and  dspdi  continually  togettier; 
divide  the  List  product  by  26S ;  and  the  quotient  will  be 
the  content  in  ale  gallons. 

2.  When  the  vessel  is  a  cylinder^  or  the  frustum  of  a 
cone  reduced  to  a  cylii^der^  multiply  the  square  of  the 
mean  diameter  by  the  depth  of  the  liquor ;   divide  the 
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pradnct  by  $59;  and.tfae  quotiait  will  be  the  content,  in 

in  ale  gallons. 

S,  When  the  vessel  is  the  frustum  of  an  el^tical  oone^ 
and  not  rednoed  to  a  cylinder,  multiply  the  product  of 
the  mean  diameters  by  the  depth  of  the  liquor ;  divide 
this  product  by  359;  and  the  quotient  will  be  the  content 

inalegaUmis. 


BY  TUS  8UDINO  BULE* 

1.  When  the  vessel  is  a  parallelopipedtm,    - 

As  the  square  divisor  282|  on  A,  is  to  the  length  on  B  ; 
» is  the  breadth  on  A,  to  the  alrea  on  B.  Then,  as  one 
on  A^  is  to  the  area  on  B ;  so  is  the  depth  on  A,  to  the 
content  aa  B. 

2.  When  the  vessel  is  a  cylinder. 

As  the  circular  gauge-point  18.95,  on  D,  is  to  the 
^^  <m  C ;  so  is  the  mean  diameter  on  D,  to  the  con* 

tent  on  C. 

3.  fflien  the  vessel  is  the  Jrustum  of  an  eUipHcal  ocme. 

As  the  ciicular  divisor  859,  on  A,  is  to  the  transverse 
diameter  on  B  ;  so  is  ^e  conjugate  diameter  oh  A,  to  the 
area  on  B.  Then,  as  one  on  A,  is  to  the  area  on  B ;  so 
is  the  depth  on  A,  to  the  content  on  B. 

f 

.     IXAMPLAS. 

1*  The  mean  Idbgth  of  a  by-tub  is  82.5,  the  mean 
breadth  28.3,  and  the  mean  depth  of  the  liquor  14.6  in- 
ches ;  how  many  gaUens  of  ale  does  the  vessel  contain  ? 

Dd2 


BY  THB  P8H. 

975 
2600 
650 

14.6  (iyM> 

551850 
S679OO 
91975 

DJvMor  £8iS)134^«S5Q(47.6l$  a9ii<ffil  JA  «fe  ^[«Am 
1188 

2148 
1974 

174,3 
1692 

515 
282 

2330 
2256 
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BT  THK  SLIDING  RtJLS. 

On  A.      OnB.         On  A.  OnB. 

As  282     ;     32.5    :;    23^  :    8^6arem. 

And, 

On  A.      OnB.        On  A.  OnB. 

Ail   :    SS6    ::   14.6    ;   47.62 ccMknt 

2.  The  mean  diameter  of  a  cjrlindricdl  by-tub  is  28.8 ; 
and  tike  mean  depth  of  the  hquor  18.2  inches  ;  what  is 
the  content  in  ale  gallons? 
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BY  TBK  PEN. 
Rule  11. 

Here  28.8x  283x  18.2=S29.44x  18^^15095.808,  the 
square  of  the  mean  diameter  multiplied  by  the  depth  of 
the  Hauor;  and  15095.808-r 859=:  48.049,  the  content  in 
aleguions.  • 

BY  THE  SLIDING  RULE. 

Rule  II. 

OnD.        OnC,        On  D.  On  C. 

A  18.95     ;     18.2     ::     28.8     ;     42.05  con/eii/. 

8.  The  mean  diameter  of  a  by-tub  in  the  form  of  the 
frustum  of  a  right  cone,  is  25.6,  and  the  depth  of  the 
liquor  22.7  inches ;  vhat  is  the  content  in  ale  gallons  ? 

Ans.  41.439  ok  gallons. 

4.  The  mean  transverse  diameter  of  a  by-tub,  in  the 
form  of  the  frustum  of  an  elliptical  cone,  is  45.3,  and 
the  mean  conjugate  diameter  3&8  inches;  what  is  the 
content  in  ale  gallons,  when  the  dqsth  of  the  liqtt<»*  is 
12.7  inches  ?  Ans.  58.973  ale  gaUom. 

Remarks. 

1.  In  some  places  it  is  customary  to  cool  wort  in  brass 
pans  or  kettles,  with  falling  crowns.  In  such  cases,  find 
the  mean  diameter  as  before  directed ;  and  take  the  mean 
depth  of  the  liquor  half  way  between  the  side  of  the 
vessel  and  the  centre  of  the  crown. 

2.  Sometimes  wort  is  cooled  in  wooden  bowls,  somewhat 
resembling  the  segment  of  a  sphere.  The  practical  me- 
thod of  gauffing  such  vessels,  as  by-tubs,  is  to  t^ike  the 
diameter  at  uie  surface  of  the  liquor,  and  half  the  great- 
est depth;  and  then  compute  the  content,  from  these 
dimensions,  as  directed  ibr  a  cylinder,  in  the  second  Rule. 
No  general  Rules  can  however  be  laid  down  that  will 
give  the  contents  of  irregular  vesse'is  with  accuracy ;  and  as 
by-tubs  assume  such  a  variety  of  forms,  notliing  but  ex- 
perience will  enable  the  Officer  to  adopt  such  methods  of 
gauging  them  as  the  nature  of  the  vessels  may  seem  to 
require. 

DdS 
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^cte*  ^y  experfaneiits  ma^  by  filling  several  woodm  toiriSrwitli  witter, 
finom  a  known  measurey  we  have  jfoond  that  the  foregoing  Rule  gives 
the  content  too  little,  and  the  Rale  for  the  segment  of  a  sphere  gives 
sometimes  too  much,  and  scmeCimea  too  little  $  the  following  method, 
however,  gives  very  nearly  the  true  content :  Tale  the  diameter  of  the 
ftowf,  at  the  surfluie  of  the  liquor,  and  idso  to  greatest  depth :  1^  this 
depth,  add  two-tenths,  for  every  indi;  and  take  half  the  sum  for  the 
mean  depths  iu)d  the  vesn^  win  he  leduesd  to  a  cylinder, «e»w^. 

Example.  The  diameter  of  the  top  of  a  woodm  lowl^  Is  18.2  in- 
ches, and  its  greatest  dqpth  5.9  inches;  what  is  its  content  in  ale 
gallons? 

c^.  «       5.9  +  1.18     7.08     «,,    ^ 

SOLUTIOK.    Here — -  »  -^  as  3.54*,  the  mean  depth ;  then, 

(ia2  X  18.2  X  3^)  H^  S59«:  (3S1.24  x  a54)  ^  859  » 1178.5896  ^ 

359  a:  3,2662,  the  content  in  ale  gaUons. 

Note.  The  number  to  be  added  to  the  depth,  may  always  be  obtain- 
ed by  multiplying  the  depth  liy  two.teoths|  thus  we  have  5b9  x.2  s 
1.18,  the  number  added  to  the  depths  in  the  above  adution. 

PROBLEM  XIII. 
To  dedttei  the  heat  out  of  victuallers*  warm  worts. 

It  Iiaa  been  found  by  experience  that  Id  gallons  of  hot 
wort  will  aofy  meamre  9  gaOonawhen  ccSl;  therefore, 
by  act  of  {Muwment,  an  allowance  of  one  gallon  hi  every 
ten  must  be  made,  when  the  wort  is  gauged  hot. 

CAS£  I. 

fVhen  the  number  of  warm  gallons  are  known. 
JB^  Subtradkm, 

RULE. 
By  the  Pen. 

Write  down  the  number  of  warm  fpiOma,  found  by 
gauge;  from  this  subtract  one-tenth  <tf  itself;  and  tbe 
remainder  will  be  the  number  of  (paUpns  when  cold. 

By  Multiplication. 

RULE. 

Multiply  the  number  of  warm  gallons  by  .9,  and  the 
product  will  be  the  number  of  gallons  when  cold. 
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1.  If  a  gauge  pf  warm  wort  be  184.8  galloDB;  bow 
many  gaOoas  must  be  cbarged  with  the  dutj  ? 

By  Suhiraction.  By  MmkipUcaHm. 
GattoM.  Galhni. 

184.8  184.8 

18.48  £ 

166.32  Ans.  l66MAns. 


Note.  The  tnO^  matt  be  obliged  with  16$.$  fillons,  as  ^  i9 
nearer  .5  than  a    See  the  Bemark  at  the  end  of  this  Pn>blem. 

By  the  iSf&img  Rule. 

RULE. 

As  the  gauge-point  1.11  on  A,  is  toui%QQ  Bi  8oi» 
the  warm  gallons  on  A^  to  th«^  cold  gallons  on  fi. 

Note.  The  gauge-paint  1.11,  is  found  hy  dividing  unity  by  nine^ 
tenths. 

On  A.        QnB.        On  A.         On  R 
^#1.11      :      1      ::     184.a    :     166.5  ale  galbm. 

2.  Suppose  a  gauge  of  warm  wort,  in  a  cooler,  to  be 
226.6  gaUons;  upon  how  many  gallcms  must  the  duty  be 
^^^^ged?  Ans.  2P3ga&ms. 

CASE  XI. 

fFhen  the  area  of  a  Ju^ed  utemH,  and  the  depth  of  the 
liqufir  are  knoum^  but  not  the  number  of  warm  gallons. 

RULE. 
By  tifi  Pen. 

Multi^  the  arat  by  the  depth;  divide  the  product 
>y  1.11 ;  and  the  quotient  will  be  the  number  of  cold 
^ods. 

Njoie.  Heve  it  maybe  observed  that  the  area  multiplied  by  the 
epth  evidently  gives  the  number  of  warm  gaUons ;  hence  t^ie  nmnber 
f  cold  gaUotis  BBiy  be  obtained  by  ease  the  first  $  the  last  Rule,  how- 
ver,  is  weU  adapted  to  the  SlMIPg  Kul^ 
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EXAMPLES. 

1.  If  the  area  of  a  cooler  be  23.25  ndlohs,  and  the 
depth  of  the  warm  wort  5.6  inches ;  for  now  many  ^1- 
Ions  must  the  victualler  be  charged? 

Jle  Gallons. 
2SJZ5  area. 
5,6  depth. 

13950 
11625 


DmM  1.11)130.200(117.29  Ans. 
Ill 

192 
111 


810 

777 


330 

222 

1080 

999 

81 


B^  the  Sliding  Rule. 

As  the  dtvisor  1.11  on  A,  is  to  the  area  on  B ;  so  is  the 
depth  on  A,  to  the  answer  on  B. 

On  A.      On  B.         On  A.       On  B. 

ii^i.ii   :  23.25   ::   5.6   :   117.5  Ans. 

Note.  A  brass  pin  should  be  put  upon  tbe  line  A»  at  the  gauge-point 
1.1  If  for  the  convenience  of  casting  warm  gauges. 

2.  The  area  of  a  cooler  is  26.45  gallons^  and  the  depth 
of  the  warm  wort  6.8  inches ;  required  the  munber  of 
gallons^  when  tlie  wort  is  cold.      An$.  162.036  ale  gallau. 

8.  The  area  of  the  first  horizontal  section  of  a  guile* 
tun  in  the  form  of  the  frustum  of  a  cone>  is  4.9  ale 
gallons,  and  the  corresponding  depth  of  warm  wort  8 
inches ;  the  area  of  the  second  section,  is  5^25  ale  gallons, 
and  its  corresponding  depth  7*4  inches ;  how  many  gal- 
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Ions  will  the  vessel  oontaiii,  when  the  faent  has  evmo. 
"^  ^  Ans.  70M5  ak  gailms. 

CASE  III. 

fFkm  the  warm  wort  is  in  a  eircuUar  by-iub. 

By  the  Sliding  Rule. 

RULE. 

Ab  the  wsm  jnngei'poiiit  80  on  D,  is  to  the  dqptfa  of 
tfae  Uqiior  qn  C ;  so  is  the  mean  diAineter  on  D^  te  the 
net  gaUons  oa  C. 

Nate  1.  If  the  iqiiaie  of  the  ^^rcvff^  uf  a  cylindrical  vend*  be 
multiplied  by  the  dq[>th  of  the  wann  wort,  and  the  product  divided  by 
400;  the  quotient  will  be  the  number  of  gaOonfy  when  the  woft  b 
etAd  i  hence  the  wann  drcuiar  gauge-point,  given  ip  the  last  Rule,  i» 
fooad  by  eaQaeting  the  equate  lool  of  400^  the  warn  dicukr  dMsor. 

f.  If  tfie  length  flf  a  Rctvipilsr  cooler  te  mult^ittei  by  ite  breadtlu 
andthiepraducihy  the  depth  ef  the  wazmwart;  the  quotient  arimg 
6rom  dividing  the  hut  produet  by  313*33»  wiU  be  the  number  of 
gallons,  wlien  the  wort  is  cold ;  heoci^  if  we  extract  the  square  root 
of  this  warm  square  divisor^  we  obtain  17*7,  the  wsrm  square  gauge* 
point* 

-.3.  The  wtm  sqpisie  divtev  Siaaa,  li  AHind  by  divldiBcS0tby.t« 
and  the  warm  dicubur  divisor  400,  is  obtained  by  dividing  3Mll04  by 
•9;  the  last  quotient,  however,  is  only  399.944;  but  for  expedition, 
in  practice,  it  nuy  be  called  40Ci 


1,  If  the  mean  diameter  of  a  drcuiar  by-'tiib  be  36.4  in* 
cbesy  «Dud  the  depth  of  the  warm  wort  14.3  inche3 ;  to  what 
number  of  gaUwd  will  the  wort  gauge,  when  it  is  cold  ? 

%  the  SUdivg  BmIc. 

On  D.    On  C.        On  D.      On  C 

4s  ^0    ;    14.8    :;    36.4    :    ^ahgalkm. 

8.  The  mean  diameter  of  a  dreular  by^ub  is  27»6 
indies,  and  the  depth  of  the  warm  wort  2»S  indies; 
reqniitd  the  number  of  gallons,  when  the  wort  is  ooid? 

An9»  ^9.6  ak  gaOtmn 


SIO  GAE6ZNG  AND  FIXI19C  (PAET  TI.) 

REMARK. 

In  charging  the  duty  upon  ale  and  beer^  when  the 
decimal  parts  of  a  gallon  are  le^s  than  ,25,  they  are  re* 
jected ;  but  if  .25  and  under  ,75,  they  are  called  half  a 
gallon ;  and  when  .7^  pr  above,  they  are  Called  a  whole 
gallon. 

PROBLEM  XIV. 

Given  the  top  and  bottom  diameters^  and  the  perpendi- 
cular depth  of  a  ves^l  in  the  form  of  thejrustum  of  a 
.cone^  to  determine  the  inte.  mediate  diameters^  at  any 
assigned  depth, 

RULE.   . 

Divide  the  difference  between  the  top  and  bottom 
diameters  by  the  perpendicular  depth  of  the  vessel ;  mul- 
tiply the  asdgned  depth  by  the  quotient ;  add  the  pro- 
duct to  the  less  diameter ;  and  the  sum  will  be  the  dia- 
meter at  the  assigned  depths  if  that  depth  be  measured 
from  the  less  base.  But  n  the  depth  be  taken  from  the 
grater  base^  then  subtract  the  said  product  from  the 
greater  diameter ;  and  the  remainder  will  be  the  diameter 
required. 

EXAMPLES. 

1.  If  the  top  diametar  of  a  vessel  in  the  form  of  the 
frustum  of  a  cone  be  40  inches,  the  bottom  diameter  30 
inches^  and  the  perpendicular  depth  28  inches;  required 
the  intermediate  diameters^  at  every  4  inches  of  its  per- 
pendicular depth,  measured  from  tne  less  base  ? 

Here  — -- — =^=«S57>  the  common  factor  or  muUi' 

pUer;  then  4x  ..S^7+^0rsl. 428  f  30:^31.428  the  d&amt- 
t€rai4t  inches  Jkm  the  bottom;  8  X. 357 +30  =^.856+30 
=32.856,  the  diameter  at  8  inches  from  the  bottom;  12 x 
.957+30=4;284 +30=^34.284,  the  diameter  at  12  inches 
from  the  bottom;  l6x.357+30=55.712+3O=35.712»  ^*« 
diameter  at  16  inches  frvm  the  boftom,  20  x  .357+^^ 
7.140+^=:S7*140,  the  diameter  at  20  inches  from  the  bot- 
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m;  and  24x.357+50=:8.568+30=:88.568  the  diame* 
T  ai  24  inches  from  the  haUotn. 

2.  The  top  diameter  of  a  vessel  in  the  form  of  the 
rustum  of  a  cone,  measures  42  inches^  the  bottom  dia- 
leter  58  inches^  and  the  perpendicular  depth  S5  inches  ; 
;  is  required  to  determine  the  intermediate  diameters  at 
very  5  inches  of  its  depths  measured  from  the  greater 
ase. 

Ans.  The  diameter  at  5  inches  from  the  bottom,  is  55,715; 
t  10  inches,  53.430/  at  15  inches,  51.145/  at  20  inches, 
8.860  /  at  25  inches,  46.570 ;  dhd  at  30  inches,  44.290 
Khes. 

Remark. 

The  last  Problem  may  be  well  applied  in  gauging  and 

tching  a  Common  Brewer's  large  guile-tun^  in  the  form 

f  the  frustum  of  a  cone ;  for  if  we  take  cross  diameters 

t  the  top  of  the  vessel^  and  at  every  ten  inches  of  the 

erpendlcular    depth;   and  from   these  cross  diam^rs 

nd  mean  diameters ;  we  may  then  determine  the  inter- 

lediate  diametera,  between  every  10   inches^  with  the 

reatest  accuracy ;    and  qonsequently^  inch  the  guil&-tun 

ith  the  utmost  correctness^   by  finding  the  area  cor* 

^spandmg  to  each  diameter^  either  by  the  Pen,  the  SU- 

ing  Kule,  or  the  Table  of  Ale  Areas. 

Or,  when  diameters  are  taken  in  the  middle  of  6very 

)  inches,  the  Rule  may  be  well  applied  as  a  check,  in 

e  following  manned :  Measure  the  top  and  bottom  dia- 

eters,  and  also  the  perpendicular  depth ;  and  then  de« 

rmine  the  intermediate  diameters  in  the  middle  of  every 

)  inches  ;  and  if  they  oHrespond  with  those  found  by 

measurement,  it  is  evident  that  the  vessel  is  the  true 

istum  of  a  cone,  and  that  all  the  operations  have  been 

rfbrmed  with  accuracy. 

PROBLEM  XV. 

een  the  top  and  bottom  diameters^  and  the  perpendicu" 
fcr  depth  of  a  vessel  in  the  form  of  the  frustum  of  a 
femi'jfphere,  to  determine  the  intermediate  diameter,  at 
way  assigned  depth  ffom  the  top  of  the  vessels 


I 


I 
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To^nd  the  iSamOer  of  the  sphere  tf  which  the  frustum 

is  a  part. 

RULE  I. 

From  the  square  of  half  the  greater  diameter  of  the 
frustum,  subtract  the  sum  of  the  squares  of  half  the  less 
diameter  and  the  perpendicular  depth ;  divide  the  re- 
mainder by  twice  tne  said  depth ;  and  the  quotient  trill 
be  the  ctistance  of  the  greater  diameter  from  tne  centre  of 
the  sphere.  To  the  square  of  this  distance  add  the 
square  of  half  the  greater  diameter ;  multiply  the  square 
root  of  the  sum  by  two^  and  the  product  will  be  the  dia- 
meter of  the  sphere. 

Jiote^  When  the  greater  diameter  of  tlie  frustum  is  equal  to  the 
diameter  of  the  sphere,  the  square  of  half  the  greater  diaiDeter  of  the 
frustum  will  be  equal  to  the  sum  of  the  squares  of  half  the  less 
diameter  and  the  perpendicular  depth ;  hence  we  may  always  know 
when  the  greater  diameter  pi  the  frustum  passes  through  the  centre 
of  IN  tph^    (5^  ikefoBawktg  Figure.  J 

Tojind  the  height  of  the  spherical  segmetd  cutoff  bj^  the 

^Bss  diameter  of  the  frustum. 

RUi;^E  II. 

From  half  the  diameter  of  the  sphere  subtract  the  dis* 
timoe  between  it»  centre  and  the  less  diameter  of  the 
frustum ;  and  the  remainder  will  be  the  hdght  of  the 
segment. 

Jiote.  When  the  greater  diaiaeter  of  the  frusctuii  is  equal  to  the 
diameter  of  »the  sphere ;  the  height  of  the  segitient  most  be  Ibiind  b^ 
subtracting  the  hdght  of  the  frustum  from  htUf  its  greater  diamater. 

Tojind  tike  diametef  at  any  assigned  depth fr^m  thiiep 

of  the  frustum, 

RULE  III. 

To  the  altitude  of  the  segment  cut  off  by  the  top  dia« 
meter^  add  the  assigned  depth  of  the  frustum ;  suDtract 
the  sum  froDl  the  (Sameter  of  the  sphere ;  multiply  the 
remainder  by  the  said  sum;  sad  twice  title  squtt^  root  of 
the  product  will  be  the  diameter  required. 
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Intliii  mvuwr  proceed  untO  you  have  found  the  dia^ 
meters  at  every  incn  of  the  depth,  if  necessary. 

Note,  When  it  is  required  to  find  the  intermediate  diamtltni  lA 
e?er]r  indi  of  tbe  perpendioalar  depth  ct  the  frustum,  1  indi  ^riU  he 
the  first  assigned  dep&,  2  inches  the  8ecx>nd«  3  inches  the  third,  Ac 
&C.;  which  aumbors  must  be  added  suooesnTe^  to  the  height  of  tho 

Kgmcot. 

.BXAlfPI.fiS* 
/ 

1.  The  greater  diameter  of  a  vessel,  in  the  form  of  the 
frustum  of  a  semi-sphere,  is  9SA,  the  less  diameter  60.6, 
and  the  perpendicular  depth  30.2  inches ;  required  the 
intennediate  diameters  at  every  inch  of  the  first  6 
of  tbe  perpendicular  depth  from  the  top  of  the  vessel. 

TO  9>IKD  THS  niAMBTER  OW  THE  SPBtU. 

H 


Let  KHL  denote  the  middk  section  qf  the  semi^spheref 
und  AB  CD  that  qf  the  given  vessel ;  then  hy  the  mleftump 
we  have  the  greater  diameter  A^:;z  98*4^  the  ksi  diam^er 
DC=:  60.6,  and  the  perpendicular  depth  F  G  z;^  30.2. 

%  Rule  L,  we  have,  49.2«  z^  2420.64,  the  square  tfhaff' 
the  greater  diameter  ;  and  30.3^  +S0.2«  =  918.09+912.04 
=  1830.13,  the  sum  of  the  s^puures  qf  hUf  the  kss  diameter 

£  e 
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.      ,                 J.    ,       J    ,♦        ,.        24«0.6*-183b.lS 
andf  /Ac  perpendtcular  depth;    then   — - — ^ =: 

^?i^=i9.77  inches- E  F,  the  dutance  qf  the  greater  dia- 
60.4 

meter  of  the  frustum  from  the  centre  of  the  sphere. 

Again,  9-77^ +4^.2^  =  95.4529+ 2420.64,=:25 16.0929  ; 
and  2v^  2516.0929  =  50.16  x  2  ^  100.32  inches,  :=zKLor 
H  P,  the  diameter  of.  the  sphere. 

/to  find  the  height  op  the  spherical  segment.    *. 

Here  30.2+9.77=89*97  inches  =z£G,  the  distance  be- 
tween the  centre  qf  the  sphere  and  the  less  diameter  cf  the 
frustum;  then,  by  Rule  II,,  we  Aaw  50.16-39.97=10.19 
inches  zz  G  H,'the  heighi  of  the  seginent  DHC^ 

TO  FIND  the    intermediate  DIAMETERS. 

%  Rule  III.,  we  have  10.19  + 1  sz  11.19,  the  altitude  of 

the  segment  added  to  the  assigned  depth;  then,  100.32  —  11.19 

X  11.19  =  89.13X  11.19  =  997.3647;  and  2  \/997.3647 
zz  31.58  X  2  =63.16  inches,  the  diameter  at  1  inch  jrcm  the 
top  of  thfi  given  vesseL 

Again,  10.19  +  ^  =  12.19>  <Ag  altitude  of  the  segment 

added  to  the  assigned  depth  ;  then  100.32  —  12.19  x  12.19  = 

88.13  X  12.19  =  1074.3047  ;  and  2s/ 1074.3047  =  32.77  X 
2  =:  65.54  inches,  the  diameter  at  2  ifwhes  from  the  top  of 
the  vessel. 

Btf  a  similar  process,  wejtnd  67.88  inches  to  be  the  dk* 
mfiter  at  3  inches;  69.90  inches,  at  it  inches ;  and  71-9^ 
inches,  at  5  inches  from  the  top  qf  the  given  vesseL 

Note.  By  proceeding  in  the  same  manner,  any  diameter  of  the 
frustum  M'  N  C  D,  or  of  the  segment  D  P  C,  may  be  easily  obtained. 

2.  The  top  diameter  of  a  vessel^  in  the  form  of  the 
frustum  of  a  semi-sphere,  is  24  inches^  the  bottom  diame- 
ter  36  inches^  and  Ui'e  perpendicular  depth  8  inches;  re« 
qtdred  the  intermediate  diameters^  at  every  indb  of  the 
perpendicular  depths  from  the  top  of  the  vessel. 
:  Jns.  The  first  intermediate  diameter  is  26,S9,  the  second 
ks.S4f,  the  third  30.08,  the  fourth  31.60,  the  J^h  32.94,  the 
sixth  34.101^  and  the  seventh  35.10  inches. 
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3.  The  tc^  diameter  of  the  upper  part  of  a  still,  in  the 
form  of  the  Ihistmn  of  a  9eiaf-sphere>  is  28  inches,  the 
bottom  diameter  55.6  inches;  and  the  perpendicular 
depth  12  inches;  required  the  intermediate  diameters,  at 
eveiy  inch  of  the  perpendieular  depth,  from  the  top  of 
the  nrustum. 

Atu.  Thejlrst  intermediate  diameier  u  31.92,  the  second 
35,3^,  the  third  38.30,  the  fourth  40.98,  the  J^h  48.40,  the 
sixth  45.60,  the  seventh  47*62,  the  eighth  49.48,  the  ninth 
51.18,  the  tenth  52.76,  a$id  the  devenA  54.22  inches. 


GENERAL  RULES. 

1  •  Given  the  top  and  bottom  diameters^  and  the  perpen* 
dicular  depth  of  a  vessel  in  the  form  of  the  frustum 
of  a  semi'sphere^  to  determine  the  intermediate  diame^ 
ter^  at  any  assipied  depth  from  the  bottom  of  the 
vesseL 

RULE. 
(See  the  last  figure.) 

Find  the  diameter  H  P  of  the  sphere,  and  the  versed 
sine  F  H  of  die  less  segment  A  H  B,  as  directed  in  the 
last  Problem ;  then  fiwm  the  diameter  of  the  mphere  sub- 
tract the  versed  sine  of  the  less  segment ;  and  the  diffeiw 
enoe  will  be  the  versed  sine  F  P  of  the  greater  segment 

APB.  ,  ^,    ^ 

To  the  versed  sine  of  the  greater  segment  add  the 
assigned  depth,  and  from  the  versed  sine  of  the  less  seg- 
ment subtract  the  said  depth ;  multiply  the  sum  by  the 
remainder;  and  twice  the  square  root  of  the  product 
will  be  the  diameter  erf*  the  vessel,  at  the  assigned  depth 
from  the  bott<»n  diameter  A  B. 

2.  Given  the  top  diameter  and  perpendicular  depth  of  a 
vessel  in  the  form  of  the  less  segment  of  a  sphere,  td 
determine  the  intermediate  diameter  at  any  assigned 

depth  from  the  top  of  the  vessel. 

Ee  2 
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RULE. 

(Seethetadjigure,) 

Divide  tb^  square  of  half  tlie  top  dimeCer  M  N^  by 
the  versed  sine  ox  perpendicular  depth  R  P^  of  die  less 
Mgnient  M  P  N ;  and  tiie  quotient  will  be  the  versed  sme 
R  H,  of  the  greater  segment  M  H  N. 

To. the  versed  ^ne  of  the  greater  segment  bAI  the 
assigned  depth,  and  from  the  versed  sine  of  the  less  seg- 
ment subtract  the  said  depth ;  multiply  the  sum  by  the 
remainder ;  and  twice  the  square  root  of  the  product  wiU 
be  the  diameter  of  the  vessel^  at  the  assigned  d^th  from 
the  top  diameter  M  N. 

3.  Given  the  top  diameter  and  perpendicular  depth  of  ct 
veisei  in  the  form  of  the  leas  segment  of  a  sphere^ 
to  determine  the  intermediate  diameter.^  at  any  assigned 
depth  from  the  bottom  of  the  vessel* 

RULE. 

(See  the  last  figure,) 

Divide  the  square  of  half  the  top  diamet^  by  the  per« 
pendkular  depth ;  to  the  quotient  «ld  the  said  depth; 
and  the  sum  will  be  the  diameter  of  the  q^iere. 

From  the  diameter  of  the  sphere  cnibtraet  the  ass^ned 
d^th  fir^m  the  bottom  of  the  segment;  multiply  the  re- 
mainder by  the  said  depth ;  and  twice  the  aqoare  root  of 
the  product  will  be  the  diameter  required. 

Note*  The  di&meter  at  any  part  of  a  vessel  in  the  fmn  of  a  sphere 
or  globey  may  be  fouxxl  by  tli«  last  Rule. 

RfiMARK. 

The  last  PMblem  may  be  well  apiplied  in  ginning  and 
inching  any  vessel  either  in  the  form  of  a  sphere,  or  of 
the  frustum  or  segment  of  a  sphere;  for  having  deter- 
mined the  diameters  at  every  mxix  of  the  perp^odicalar 
depths  we  may  hence  find  the  area  corresponding  to  each 
diameter,  either  by  the  Pen,  the  Sliding  Rule^  or  the 
Tables  of  Ale  and  Wine  Areas,  in  Part  Vff . 


(SICT.  I.) 
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A  SPECIMEN  OF  ^  DIMENSION  BOOK, 

Containing  the  Dimensions  and  Areas  of  A,  B.^s  Mask' 
Tuns,  Copper y  Under- Back ^  Coolers,  and  Guile  Tuns^ 
as  determined  in  the  foregoing  Problems. 


1 

'  40.5 
;IM.T. 

55.6 
2M.T. 

4ao 

Copper 

Anas. 

25.8 

G 
U.B. 

1  Back. 

42.0 
1  Rd. 

Areas. 

M.l 

I ■ 

Sq.3aS 

5a6 
51.5 
48.5 
44.6 

7.13 
7.39 
6.55 
5.54 

L.5S.6 
B.  40.4 

L.    116.8 
B.     68.2 

71.4 
6^7 
66.2 
63.7 

14.20 
13.14 
12.21 
11.30 

ia5i 

6.63 

8.40 

28.25 

DIMENSION    BOOK   CONTINUED. 


40.0 


Area- 


50.% 
54.4 
53.2 
49.6 
46.3 


7.19 
8.24 
7.88 
6.85 
5.97 


30.0 
3Rd. 


T.46.4 
0.  3a8 
T.  40.5 
C.  29.6 
T.  342? 
C.  25.3  S 


Areas. 


4.37 

0.04 

2.41 


32.0 
1  Sq. 


Areas. 


8.38 
5.79 

a9i 


30.0 
2  Sq. 


48.0 
38.0 
42.0 
32.0 
36.0 
26.0 


Areas. 


6.47 
4.77 
3.32 


DIMENSieN    BOOR   CONTINUED. 

2  Back;  9  Ordinates,  14  inches  equidistant ^11^  inches. 


frans- 
verse. 


I 


2 


|122.0|31.2:5O.8 


3       4 


62.0 


66.2 


Conj. 
5 


71.0 


6 


68.8 


63.0 


8 


52.0 


9 


32,0 


Sum 
of 

Seg. 

10.0 


Total 
Area. 

24.153 


Remarks. 

The  foregoing  method  of  entering  the  dimensions  and 
reas  of  Victualler's  Utensils,  in  the  OflScer's  Dimension 
ook,  is  the  same  that  is  practised  in  the  Excise.  The 
rst  column  contains  the  dimensions  and  area  of  the  Round 
fash  Tun,  given  in  the  first  Problem  of  this  Section. 
t  the  top  is  placed  the  depth ;  mider  it  the  diameter ; 
)d  at  the  bottom  the  area.     The  second  column  contains 

EeS 
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the  dimenflionc  and  area  of  the  Square  Mash  Tun^  g^lven  in 
the  second  Problem.  In  the  tmrd  oolanm  we  have  thflj 
depth  and  diameters  of  the  Copper ;  and  in  tlie  fourtl^ 
column^  the  areas  correponding  to  those  diameters,  asi 
found  in  the  third  Problem.  ] 

The  fifth  column  contains  the  dimensions  and  area  or 
the  Underbade ;  the  sixth  contains  the  laigth,  breadth, 
and  area  of  the  first  Back  or  Cooler ;  and  in  the  seventh 
and  eighth  columns  are  placed  the  dimensions  and  areas  of 
the  first  Round  Guile-Tun. 

Tlie  second  part  of  the  Table  contains  the  dimensions 
and  areas  of  the  second  and  third  Roimds ;  atid  oF  the 
first  and  second  Squares.  The  dimensions  and  areas  of 
the  fourth  Round,  are  not  inserted ;  because  the  method 
of  entering  them  is  precisely  the  same  as  that  of  the  third 
Roimd. 

The  third  part  of  the  Table,  contains  the  dimensions 
and  ar«a  of  tne  second  Back  or  Cooler,  gauged  and  fixed 
by  equi-^istant  ordinates.  This  is  the  seventh  Example 
in  the  twentieth  Problem  <^  Part  IV. ;  and  agreeably  to 
an  observation  made  in  a  Note,  at  the  end  of  the  nfth 
Problem  of  this  Section,  it  is  considered  as  the  base  of  a 
Victualler's  Cooler, 

Note.  Wheo' the  bottom  of  a  Cooler  is  a  triangle,  the  base  an^  h«if 
the  perpendicular  may  he  entered  in  the  Officer's  Dimension  Book ; 
when  it  is  a  trapezium,  the  diagonal  and  half  the  sum  of  the  two 
perpendiculars  may  he  entered;  and  when  an  irregular  polygon  of 
several  sides,  many  experiencecl  Officers  make  a  small  sketch  of  the 
figure,  at  the  top  of  the  Dimension  Book;  and  eater  the  ^''**^^-ifmif 
upon  the  respective  parts  of  the  figure,  and  the  area  below  it.  (See 
Examples  and  Notes  in  Problems  IV.,  V.,  VI.,  Vil.,  and  VIII.,  Part 
IV. ;  and  also  Problem  VIL,  Section  II.,  Part  VI,) 
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SECTION  11. 

THE  METHOD    OF     6A1T6TKG   AND     IKCHIVO    COHMOK 
6ftIW£SS^  UTBN81L8,  A8  PBAGTI8ED  IK  THE  EXCISE, 


PROBLEM  I. 


To  gauge  and  inch  a  mash-tun  in  the  farm  of  the  frustum 
of  a  cone^  standing  upon  its  greater  base. 


To  take  the  dii 

With  any  convenient  instrument,  measure  the  perpen- 
dicular depth  of  the  tun.  Then  quarter  it  as  directed  in 
Problem  III.,  Sect  I. ;  and  take  cross  diameters  in  the 
middle  of  every  ten  indies,  from  the  bottom  upwards,  if 
you  intend  to  table  the  tun  for  wet  inches ;  but  firom  the 
top  downwards,  when  the  tun  is  to  be  tabled  for 'dry  in- 
clihes ;  so  will  the  odd  inches  (kll  at  the  top  of  the  vessel 
in  the  first  case,  and  at  the  bottom  in  the  second.  From 
the  cross  diameters  find  mean  diameters;  and  enter' all 
the  dunen8i(»is  in  your  Note  Book, 

To^nd  the  area  and  content. 
EULE. 

Divide  the  square  of  each  mean  diameter  by  289;  and 
the  quotients  will  be  the  are^s  of  the  respective  sections, 
in  mash-tun  gallons.  Multiply  these  areas  by  their  cor- 
respond!]^ depths ;  and  the  sum  of  the  products  will  be 
the  wliole  <xnitent  of  the  tun, 

yote.  As  8  gallons  mike  one  l)M«hel,  wl  8  buahels  one  quarter,  any 
area  or  oMitent  in  gallons,  may  be  reduced  to  bushels  by  dividing  it  by 
8;  and  if  the  quotient  thus  found,  be  divided  by  8  also,  we  shall 
obtain  the  area  or  content  in  quarters.  The  earae  numbers  must  also 
be  used  in  AiSldition  und  Subt|»ction  pf  (quarters,  bHshels,  and  gallons. 


OAOGIKG  AND  INCBIMa  (PAKT  Tl.) 


1.  Let  the  following  figure  A  BCD  repreaent  a  com- 
mon .brewer's  mash-tun  in  the  fona  of  the  frustum  of  a 
cone  standitij;  upou  lU  greater  hase ;  it  is  required  to  gauge 
and  inch  it,  as  practised  in  the  Excise. 


Measure  the  perpendicular  depth  of  Uie  tun;  then 
quarter  it,  and  take  cross  diameters,  from  whid)  find 
mean  diameters,  as  before  directed ;  and  enter  alt  thf 
'n  your  Note  Book,  as  below. 


NOTE  BOOK. 


A.B:sRou7uiMaskTun,No.\.gmgedJul!f 

20,1821 

Uiruiund 

Dqrth. 

Sum 

,:ro6«  DUmrtera. 

of 

LKa- 

IncfaiM. 

Bottom. 

Ditto. 

inettrs. 

10 

45 

61.9  1  61.7 

123.6 

61.8 

10 

S5 

63.8  1  SS.G 

127.4. 

63.7 

10 

25 

66.4     65.6 

132.0 

66.0 

10 

IS 

68.4     68.8 

1S7.S 

68.6 

10 

5 

71.3      71.1 

142.4 

71.8 
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BY  THE  PEN. 

Tojmd  the  area  and  conteni. 

Inches,  Inches,  Divisar.    M.  T.  Gallons. 
71.2  X  71^  -^  289  =?  17.541  area  of  the  1st  secHon. 
^iS  X  68.6  -r  289  ^  16.S83  area  of  the  2nd  section. 
^•0  X  66.0  -T-  289  =:  15.072  area  of  the  3rd  section. 

63.7  X  63.7  -^  289  =  1  ^040  area  of  the  4th  section. 

61.8  X  61.8  -e-  289  =  13.215  area  of  the  5th  section. 

8)761.51  whole  eonieni. 
8)95  ftti.  1.51  gallons. 
11  qr.  7  6tc  1.51  gallons. 


iVbfe  1.  In  adding  the  areas  together,  the  dedmal  point  is  removed 
one  ptece  towards  the  tight ;  benoe  we  obtain  the  whole  content  of  the 
tun,  in  gallons.  We  then  divide  twice  by  8,  in  order  to  reduce  the 
content  into  quartsra,  bushels,  and  g^lons.  We  also  obtain  the 
content  of  every  10  inches  of  the  perpendicular  depth^t  by  removing  the 
dedmal  point  one  place  towards  Uie  right,  in  each  area. 

t  The  sreas  of  the  horizontal  sections  may  be  found  by  the  Sliding 
Huie,  as  directed  in  the  last  Section. 


DIMENSION  BOOK. 

From  the  Note  Book,  and  from  the  for^roing  areas  and 
Mtents,  we  form  the  Dimenskm  Book,  as  below. 


A.  B/s  Round  Mash  Tun,  No.  h  ga^ed  Jufy  20, 1821. 

Depths 

Mean 

Areas 

Contents 

Areas. 

Contents. 

in 

Dia. 

in 

in 

in 

m 

Inches. 

meters. 

Gallons. 

Gallons. 

Q,    B.        G. 

Q.    B.      G. 

10 

61.8 

13.215 

132.15 

0     1     5.215 

2     0     4.15 

10 

6S.7 

14.040 

140.40 

0     1     6.040 

2     1     4.40 

10 

66.0 

15.072 

150.72 

0   1    7.072 

2     2     6.72 

10 

68.6 

1 6.283 

162.83 

0     2     0.283 

2     4    2.83 

10 

71.2 

17.541 

175.41 

0     2     1.541 

2     5     7.41 

50 

Whole  Depth. 

761.51 

Whole  content.  11     7      1.51 

384  GAUGIKa  AKD  INCHIKO  (fA&T  TI.) 

To  prove  ikefor^(mg  Table* 

'    RULE- 

Ii)  order  to  prevent  mistakes,  it  is  necessary  to  prove 
the  Tabling  at  eveir  10  inches  of  the  depth,  in  the 
following  manner:  Compare  the  content  of  the  first  lO 
inches,  with  the  corresponding  content  in  the  Dimension 
Book ;  and  if  they  agree,  the  work  is  right.  Again,  to 
the  content  of  the  first  10  inches,  add  the  content  of  the 
second  10  inches ;  and  the  smn  will  be  the  content  of  the 
first  20  inches.  To  this  content  add  the  content  of  the 
third  10  inches;  and  you  will  obtain  the  ccmtent  at  30 
indies ;  &c.  &c.  as  in  the  following  work. 

Proof. 

Q.  B.     G. 

2     5    7-41  content  of  thejirsl  10  inches* 
2     4    2.83  content  of  the  second  10  inches, 

.  5     2     2.24  content  of  ihejirsi  20  inches. 
2    2     6.72  content  of  the  third  10  inches. 

7     5    0.96  content  at  SO  inches 

2     1     4.40  content  of  the  fourth  10  inches. 

9    6    5.36  content  at  40  inches. 
^_04A  5  content  of  the  last  10  inches. 

11     7     1>51  content  at  50  inches. 


Note.  When  cross  diameters  are  taken  in  the  middle  of  every 
6, 8,  12>  &c  inches ;  the  Tabling  must  of  course  he  proved  at  those 
depths. 

To  form  the  fodlomng  Table  Book. 

RULE. 

From  the  foregoinff  Tahle,  take  the  numbers  cor- 
responding to  each  inch,  and  place  them  successively  one 
after  anouier,  in  proper  columns;  and  when  the  first 
place^of  dedmala  is  five-tenths  or  upwards,  call  it  one 
gallon ;  but  if  it  be  under  fiye^entha,  it  must  be  reje^ed 


r.  II.)      COmiOll  BBEWXES''  UTSHStLS. 
COMMON  BREWER'S  TABLE  BOOK. 


A.  &'*  Hamui  Ua^h  Tun.  No.  I.                 1 

WwConUnts 

W^ 

Coi>IcntB',Wei,Cut.(cr.tj>l 

IQ.        in 

In- 

i» 

'^'S 

,IJ.G- 

chBclQ.  CG. 

diet. 

Q.  B.  G. 

lehes. 

aB-G.] 

2 

8 

14 

3    6 

, 

37 

7 

40 

9 

6 

5 

* 

3 

15 

D 

S^ 

1 

41 

IC 

U 

3 

6 

5 

16 

4 

2 

f9 

3 

42 

10 

a 

0 

0 

6 

17 

4 

4 

30 

J 

43 

5 

1 

i 

7 

0 

1 
3 

18 
19 
20 

4 
i 

i 

6 
0 
2 

3 

a 

2 

31 
32 
33 

S 
0 

4* 
45 
4fi 

10 

5 

6 
0 

2 

5 

4 

21 

i 

4 

1 

34 

4 

47 

7 

i 

J 

6 

22 

5 

6 

0 

35 

5 

48 

5 

u  [ 

5 

7 

23 

S    7 

7 

36 

49 

5 

4 

0 

S4 

7 

37 

50 

7 

;: 

? 

[j 

35 

r>  ,j  1 6 

38 

3 
4 

.  Suppaae  the  Eidte  (KRaa  found  tbe  depth  of  the  gotit.  In 
'^ng  Dinsb-lun,  to  be  3S  inchea;  then,  bf  the  ■bbve'Tiblo 
lie  content  of  this  gsuge  is  8  quarters,  D  buihdt,  and  4  gitlons) 
ihlt  put  of  gHugii^  is  inleDded  fbi  ■  check  upon  tbe  Tradv, 
ica  may  expect  to  find  about  !4  barreli  of  liquor,  when  h* 
Uie  n  oit ;  b^ause,  on  an  Bverage,  one  quarter  of  malt  ia  cm- 
to  produce  about  3  bands  of  ale.  Howerer,  aa  ion>e  Btnrets 
heir  ale  stronger  than  othen ;    and  as  bail  malt  generally 

:s  more  grainl  aad  less  wwt  than  good;   m  ~~*    ' ' 

be  placed  on  niash-tuu  gaugee. 


:  perpendicular  depth  of  a  masb-tdn  in  the  form  of 
u;tum  of  a  Cone,  standing  upon  its  greater  base,  ia 
hes ;  the  mean  diameter  taken  at  5  inches  &om  the 
i,i3g0.4;  at  15  inches,  88.2;  at  Z5  inches,  86.1; 
inches,  83.8 :  and  46  inches  from  the  bottom,  the 
diameter  is  81.6  inches;  it  is  required  to  find  the 
r  each  section,  the  content  of  each  divi^on,  and  to 
le  tuu  as  practised  in  the  Excise. 

Ft 


Answeiu 

iirea*.  ConieiUs. 

as.277/r*<  section.... QB9:.71Jirsit  itvtfwn. 

26.917  second  section 269.17  second  division. 

^5£5X  thirdsection.. ^56.51  third  divisum. 

24u2&9  fourth  section .242.99 /omWA  division. 

2S.l¥)Jfth  sectim •  ...276.48  fjlh  division. 

Whole conieni...^..lS27S^  sum. 

^— .»^—  ii    ■ 

X^ote,  In  the  above  answciv  only  th^  itfe^tf  gf  the  section?,  and  the 
contents  of  the  divisions  are  ii^serted ;  but  iin  the  ICey  to  «U9  Work,  a 
Dimension  Book  is  Ibrmed,  and  the  content  oC  the  vessel  is  given  at 
every  inch  of  its  perpeja^iciilar  depth,  as  required  in  tlie  Question. 

REMARK. 

A  inashotun  iti  tbe  fomi  of  a  piur«i!le}(^pedqn,  or  a 
cylinder,  may  be  imM  by  finding  the  aren  of  jts  base, 
and  proceeding  with  tins  area  according  to  the  fore^roing 
directions;  and  if  a  mash-tun  be  me  frustum^  of  a 
pyraraidj,  or  a  prismoid,  take  mean  dimensions  in  the 
Swdle  of  every  ten  tachea,  find  the  areas  <^  Ae  different 
sections,  with  which  poceed  9$  directed  in  the  last 
Prdbkm. 

PRaBI^EM  H. 

To  gauge  and  inch  a  copper  wijth  a  rising  crown. 
PEEL1MINAB.Y  OBSERVATIONS. 

C(^)per$  used  b^  Common  Brewers^  have  generally 
t}ottpms  somewhat  rescjmbling  flie  segment  (^  a  sj&ere. 


W4vd%  Wving  a  concave  space^ 
a  JaUir^  crown.  Coppers  with  horizont^  bottoms  Jire 
se&m  met  wiUi ;  and  it  nuy  also  be  rem^ked  that  ttnall 
coppers  have  generally  falhng  crowns;  while  tSiose  of 
pretty  large  dimensions^  are  commonly  made  with  rishig 
crowns.  To  the  mouth  of  some  coppers  is  attached  a 
oopper-hoopj  called  a  curb.    The  curb  rises  several  indies 


UlCT.  h.)      COMMOU  WewEES"  BTtlrtlLS. 

^n  Ae  tap  of  tb«  co^iper;  and  tfe  i 
«iNdentblT  greater  dimeter;  c«weaii«iH_ 
wj  to  taKe  Its  dim«naiaiu  Ab  a  dittintit  port  of  the 


UttlwiblLB*in^fi|<a»A8CI>  i-, 

rener'a  copper  with  2  rinnjf  crown ;    in  lA  raquiretl  to 
uige  and  tadi  it^  ■^  pncdaed  m  tba  Exdw. 


tot^OM 


Lay  a  straight  p*Te  or  lod  diametrically  across  the  itop 
the  copper ;  uid  mark  it  with  chatt,  where  it  ia  ii^ 
sected  by  the  sides,  as  at  A  and  B.  Also,  mark  the 
ddle  of  ute  line  A  B,  u  at  F  ;  measure  the  distance 
im  F  to  the  centre  of  the  trown  at  H  ;  and  you  will 
ve  the  peipendicalar  depth  of  the  copper  3.  57.8  inches. 
Let  &1I  a  plumb-line  from  the  diameter  A  B,  to  the 
gle  of  the  txAtom  at  D ;  and  mark  A  B,  where  the 
imb-line  and  diameter  intersect  each  other,  as  at  E. 
!asuretbedepaED=65  inches;  then  ED-FH  = 
-  57.8  =  7£  inches,  the  height  of  the  crown  »r  sphe- 
al  se^(inent  aC  the  bottom. 

Again,  let  fidl  the  plumb-line  to  C  ;  mark  A  B  at  O  ; 
Ff8 


8S8  GAUGING   AJiH  IKCHIKO  (fa&T  VI.) 

and  E  GwOl  be  s:  CD  =  54 inches  the  diameter  of  the 
spherical  segment  of  the  bottom. 

Set  off  7-2  inches,  the  height  of  the  crowt),  perpendi* 
cularly  from  D  to  jr;  and  by  repeating  the  process^  make 
a  sufficient  nmnber  o£  marks  upon  the  sides  of  the 
copper,  so  that  through  these  marks  a  circle  may  be 
drawn  by  the  hand,  roiuic|  the  inside  of  the  copper,  on  a 
lev^  with  the  top  of  its  crown ;  that  is,  at  tJie  perpen- 
dicular distance  <^  57.S  inches  firom  the  dyameter  A  B^  at 
^e  copper^  mouth* 

Measure  the  diameter  AB  s  M  inched  and  also  the 
the-  diameter  x»,  at  the  top  of  die  crown  =  63  im:hes  ; 
then  quarter  the  top  of  the  oopjM*,  and  likewise  the  circle 
at  the  crown,  as  directed  in  Prob.  III.,  Sect  I.  I>iaw 
four  lines  down  the  inside  of  the  copper,  from  the  an^ra* 
)ar  pcunts  at  the  top  to  the  corresponding  pobits  in  the 
droe  at  the  crown ;  and  the  copper  will  be  truly  quar- 
tered in  every  part  of  its  depth. 

Next,  make  a  mark  upon  a  straight  rod,  at  the  distance 
of  65  inches  from  one  ^d,  =  £D ;  and  at  4,  IS,  23,  33, 
4£,  49,  and  54.9  inches  from  E,  make  marks  iqpon  the 
same  rod ;  then  ]^ace  the  bottcNn  of  the  rod  in  the  angle 
of  the  copper  at  D ;  transfer  those  distances  perpendicu* 
larly  to  one  of  die  quartering  lines,  on  the  side  of  the 
copper,  as  directed  in  Vrdb*  IIL,  Sect  I. ;  and  you  will 
obtain  the  points  a,  6,  c,'d,  e,  m,  and  n. .  Transfer  the 
same  distances  to  the  other  three  qujuterin^r  Hnea ;  and 
you  will  have  all  the  points,  on  the  quartenng  lines,  at 
which  cross  diameters  must  be  taken. 

Lastly^  measure  the  cross  diameters,  from  which  find 
mean  diameters;  and  enter  all  the  dimensions  in  your 
Note  Book,  as  foIIoFSA 


ftsevi  nJ)    cdlHi#H  t«kwktn'^  rrttrfms. 

NOTE  BOOK. 


if.  B/*  Copper  Ae.  I,  gauged  Jtibf  20, 18SI. 

«r- »  »i»«»"l 

-  , 

Aim 

Hf^h    ' 

10 

Inches. 

from  the 

To|K 

CuMB  DiaiiMten. 

or 

Ditto. 

Diameten. 

8 

4 

81.4 

81.2 

162.6 

81.3 

aa 

10 

'-  tM^  • . 

8ii9' 

a2j6 

164.8 

8^44 

Ji 

10 

* 

SU{ 

8£.6 

8&0> 

le&tf^ 

8i.8 

^  #«■<• 

10 

..  » 

m 

8t^ 

1644 

»M 

i» 

s 

-'4S    •' 

7«^5^ 

7&8 

159ui 

76i* 

'^•1 

6 

49 

72.6 

72.8 

145.4 

72.7 

flMt 

5.8 

54.9 

^.2 

68.4       136.6 
63.1       126.4 

6%^ 

»» 

,  57.a 

65.3 

.  63J1 
54U) 

X« 

Heij 

Bsbt  of  tlie  croim*          f        7«ft    I 

tCD 

^(Ae  I.  A  oommon  Brewer^s  ci^per  is  generally  teAZed  for  dry 
es;  consequently,  the  croes  dianitW*  mutt  be  taken  from  the  top 
nivards,  in  order  that  the  odd  inches  and  tenths  may  fifdl  at  the 
om  of  the  copper.  When  ft  is  intended  to  table  a  copper  for  wet 
^Wwk iin  4iMiMlltn niyit  te  «dte»frMk*tb#  Mtott  io«»itti9the 
ofthevesad*.  .(|S^piii4v.IH.> 

When  th(&iQpppef^  laaqg%  ^Jifllbted  candle  miQr  far  plBeedf9p^ 
re  of  ltd  crown,  and  the  db-Mg^t  «riMded  from  •i>Qvft»  ^f 
ring  the  to{>  of  &e  copper;  fhen^  if  a  ]^uinb-line  be  held  suct 
^t  bdwteii  tM^  candte  and  eacfk  of  the  quartering  points  ftt  tb6 
tw  ^MffteoiKi  Hmb  maj^  Mtil^  'IM  tnwecf  do%ii  th^  Aides  of*  tho 
•er  by  meaaa  of  tke  shadow   produced  by  tbe  CMMHt  isd  tM 


The  quartering  points  at  the  bottoat^  may  also  be  found  witliout 
iiftp  of  a  candle  ;  for  if  the  rod  A  B,  be  laid  upon  two  of  the 
site  quartenng  pdnts  at  the  U>p«  and  a  plummet  suspended  from 

*  IS  fo  come  n  66iitflfCt  wfth  Aeiode  of  the  copper,  on  a  lev^l  wit2\ 
op  of  the  fKNnb  W  shail  titers  obtain  the  qoiartering  point  at  x^ 
h  coiy|itimii  witii  tlMIt  M  A.  M  HMe  nMbhner  the  othe^  thtMf 
teriiijppolntfi.ai^tibeholloitm^rfaeolytaiMdk  HeMt  Hi*  coppur 
be  quartered  without  drawing  a  drde  round  the  inside,  0900  ^ 
with  the  top  of  the  crown. 

ToJM  the  area  and  coxUenL 

ROLE. 

•  •  '  •  111 
indthe8re»carr«rp0&dix)^toeacb  mean  diMiMlOTj  m 
Table  of  Ak  Areas,  Part  Vil.j  thea  multiply  each  area 

FfS 


<880  GATOINa  AMP  l^CHma.        i(>Al«S^^ 

by  its  respective  dqsth ;  and  the  sum  of  the  products  > 
pe  the  whole  content  of  the  copper.  ^f"  ^ 

To  find  the  quantity  of  liquor  thai  mil  cover  thecranm  ^ 

RULE  I.  ^i:o 

*^ 
By  Prob  VIIL,  Part  V.,  find  the  content  of  the  Ih 
turn  CD«a?;  also,  by  Prob.  XL,  of  the  same  Part,  ft  '-U 
the  content  of  the  seffment  C  H  D ;  and  the  difiei^it 
of  these  contents  im  be  the  quantity  of  liqndr  t   ^ 
quked.  :fi 

^ot6,  A9  the  alt^ude  of  the  fmstum  CDirj*.  lA  small,  it  txuy  \* 
reduced  to  a  cylinder  by  fiiidxng  a  mean  diameter;  and  then  its  ca 
tent'  may  eaEily  be  obtained  by  Probb  IV.»  PArt  V. 


RULE  II. 

From  the  Table  of  Ale  Areas,  take  ^  aiea  eonemond^ 
ing  to  the  diameter  xx,  at  the  top  of  the  down;  md  alsc 
that  ^rresponding  to  the  number  which  expresses  the 
height  of  the  crown;  then  fiom  the  first  area  subtract  tj  of 
the  lalter  area ;  multiply  the  remainder  by  half  the  h^bt 
of  th^  crown;  and  the  product  will  be  iibe  number  rf 
galloQi  required* 


^5 


RULE  IIL 


Pour  into  the  copper  as  much  water  as  will  just  cover 
the  crown;  then  draw  o^  the  water  into  a  vessel  of  a 
known  measure,  or  into  one  that  «iuiy  be  easily  eaufed  • 
and  you  will  obtain  the  exact  number  cf  galW  xe^ 
qunred.  ^ 

:5f^\*w^,SP'®  "^^  ^  **^y  ^'^*  **  ^  ««fi««  Of  the  water, 
with  chalk,  before  «ie  water  is  drawn  oS^  if  the  eopper  be  not  vor 

If^*  5!!i^?5**^  ?"y  ^^^  ^  quartered  as  before  directed,    (si 
the  meUiod  of  taking  the  dimensions)  ^ 

S.  It  is  unnecessary,  to  measure  the  diameters  CD  and  xx.  orthe 


'^ ^^fi?S«^  frb«l»to  the  •2J'*iX  VVe.|r« 


Oftrato*  of  •P'"^  a*  chmn. 

By  Me  ^'• 

-    ST......    »Mf?6?««- 

Imttas*               ""         _  .14441  area. 

le^qftheeroim    =      7*  .M»H<tt^' 

.1985  <*»• 

10.9671  difereaee. 

S6  nuAef: 
la}/ the  height  (f  the  cnmm _-^ 

3S9<»g_ 
>....                 ,..  40.48156 ffoduct. 
hpmr  «a  «»«»■  «*«  "^'^ = '- 

t 

DIMENSION  BOOK. 

Having  «r^ i^STaW^STIs^rfare  dJt«Mi  w. 

mtents  of  the  ^™««°iJ^'^KM  follows, 
jnce  form  the  Dunension  Book,  as  10 


«A0«I1W  A«M»«lin*a,         itAMtin.) 


P- 


A.  B.*»  Capper,  N&.  I,  gtmted  My  W,  18^1. 


«l 


•MM^ 


8 

10 
10 
10 

6 
5.8 


5T,8 


Mean 
ineten. 


81.3 
8S.4 
8S.8 
82.2 
76.4 

72.7 
68.S 


Af^as 

in 
Gallons. 


18.409 

18.910 

19.094 
18.818 

14.7W 
12.992 


Dej^th  I  Crown 


Whole  Centent 


I 


Contents 

in 
GaUoRSt 


14T.«7« 

189.100 

190^9^ 

188.180 

130.049 

88.320 

75.3^4 

38.000 


104>7^14 


Areas 
in 
3.   F.        G. 


0 

0 
\^ 
0 
0 
0 

oM 


2 
2 

2 
1 


0.409 
0.910 

1.094 
0.818 
7.256 
5,720 


Contents 
in 
B.  F.        G. 

f— ^ 

4 
5 
5 
5 


Per  Measure 


Whole  Content 


3 
2' 

2 
1 


0 
1 
1 
0 
2 
1 
0 
0 


3.272 

0.100 

1.940 

8.180 
4.048 
'7.320 

3*a44 

2.000 


29  0 


3.214 


NoU.  The  (Sfiiltenty  in  the  fourth  column,  were  found  by  multiply- 
ing the  areas  in  llie  third  column,  by  their  reactive  depths  in  the  first 
column. 


Tafini  the  conient  of  thcjbregdng  copptr,  4it  every  ^ry 
inch  qf  its  perpeniiaUar  depth*  . 

RULE. 

Prom  tbe  whole  content,  rcdneed  to  \mmk^  firkins^ 
md  gaUms^  siibtfaet  ^e  aireii  of  the  6m,  section ;  and  the 
msudfKler  will  be  the  contentj,  when  one  yn^h  is  clxy« 
Frem  diis  femdinder  subtract  the  same  area^  and  you  will 
obudo  the  content  when  two  inches  are  di^.  Proceed  in  diis 
manner  until  you  have  inched  die  whole  tun ;  taking  care 
to  change  the  area  when  you  arrive  at  8  inches,  at  18  in- 
dk^  Ao.  of  Ihe  pet|)«ndktiW  depth  fiy>m  the  top  of  the 
««qp|i^>  |M  i^  dlf  lUloWi^g  Table.. 


(lICT.  II.)     COMMON  BBEWSBS^  UTSNSILfti 
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A  TABLE  SHOWING    THE    MBTHOD  OP    INCHING  THE 

FOREGOING  COPPER. 


Dry 
In- 
ches. 


Contents 

in 

IB.  P.     G. 


¥vSli9 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
13 
13 


Dfy| 
In- 
ches. 


26 
0 


3.«14 
0^409 


89  0 
02 


27 


2 


0  2 


27 
0 


26 
0 


0 


25 

0 

24 

0 


24 
0 


23 

0 


23  1 


22 

01 


22 

O 


14  121 
I  O 


0.351 
0.40d 


2.805 
0.409 


2.S06 
0«409 


1,987 
0.409 


1.578 
0.409 


1.169 
0.409 


0.760 
0.409 


8.942 
0.910 


&032 
0.910 


7.122 
0.910 


6.212 

aaio 


5.303 
0.910 


4.392 
0.910 


a462 
0.910 


15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


l20 
0 

19 

0 


1 


Coiflents 
in 
B.  F.     G. 


21 
Oi 


20 
0 


19 
0 


2 


3 
2 


18 
0 

18 
0 


17 
0 


17 
0 


16 
0 

16 
0 


15  2 


aj2 


14' 3 

14|l 
0  2 


13 


0  2 


2.572 
0.910 


1.662 
0.910 


0.752 
0.910 


8.842 
1.094 


7.748 
1.094 


6.654 
1.094 


5.560 
1.094 


4.466 
i:094 


3.372 
1.094 


2.278 
1.094 


1.184 
1.Q94 


Wet 
In- 
ches. 


30 


31 


|I2  1 
0  2 


0.690 
1.09411 


7.996 
1.094 


6.902 

a9i« 


6.084 
0.818 


33 
34 
35 
36 

r 
,      I 

37 

36' 

a 
39 

40 

41 

42 
43 

4^ 


Contents 
in  ♦ 
B.   F.      G« 


19tl 
0  2 


123 


11 
Of 


11 
01 


10 
0 


10 
0 


9 
0 


9 
0 


8 
0 


7 
01 


6 
0 


3 
2 

mm 


5.266 
0.818 


4.448 
0.818 


3.630 
0.81& 


2.812 
0.818 


1.994 
0.818 


1.176 
a818 


a358 
0.^18 


8.540 

0.818 


1 

I  Oil 


6 

0 


7.722 
7.2561 


0.466 
7.256 


2.210 
7.256 


3.954 

7.256 


5.698 
7.256 


7.442 
7.256 


0.186 
7.256 


aM 
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TABLE  CONTINUED. 


I  >  I     I  I  It 


Dry]    Contents    .1  D17 





!«<■>  >»»l^.a^i^J 


In.  in 

Ghe&B.  F^    Ok 


45 
46 
47 
49 
4» 


5 

0 


! 


1 


2 

1 


io 


0  (  1.930 
7.256 


1 


3.674 
5.720 


6.954 
5.720 


1.234 

5.720 


4^514 
A720 


In. 
chw* 


50 


52 


53 
54 


Contente 
in 

B.   Fa        6v 

7.794 
5.720 


3 
0 


3 
1 


0 


1    3.992 


2.074 
5.720 


5.354 


3    1.362 
1    a992 


6.370 1 
3.992 


Dfy 

In- 


**r 


55 

6& 


Contents 
in 
&  F.      Q. 


I       !>■    • 


5T      I 


0 
I 

2 

1 
1 

0 
0 


2.S7S 
3.992 


III  1 1 


7.386 
3.992 


a394 
1.394 


2.000 
2.000 


■■  I I    H  zti 


I    ,    !■  »ll        ■>■ 


Kote,  The  number  1  V.  1^394  6.*  in  the  tlurd  line  ^rom  the  end  of 
the  abov6  Table,  is  obtamed  by  taking  ^^j  of  1  F.  3.992L  a,  the  area  of 
the  seventh  seetion. 

» 

Topfiwe  tint- foregoing  TaUe^ 
RUtE. 

From  the- wliole  eemeRt  of  the  ceppefftiAtTact  the  oon« 
tent  of  the  first  division;  taken  inm  tne  Uu]di6nsi(ui  Book; 
and  the  xfimainder  will  be  the  o6ntent  at  ei|ght  inches 
^raok  the  top.  From  this  content  take  the  eootent  of  the 
8eooli4  division,  and  the  remainder  will  be  the  content  at 
eighteen  inehes  from  the  top,  &c.  &c.  as  in  the  following 
work/ 

B.    E.      a  ^^^^' 

29    O    S.21<4  wkde  ecmteni  of  ike  copperi 

4  0    3.g7g  contemU  of  ihejtrit  dimsion. 

24    S    S.9iicoiUeiiiM4sigiUincJksfr(mtk^iop. 

5  I     0.10&  conieni  rf  the  s&c&nd  aivimn. 

19    S     8.84d  i^onlai^  ai  »ekieen  inches  Jrom.  the  tap. 
5    I     1.94a  ootUenl  rf  the  tUrd  diamm^ 

14     I    t.90Sicomtefd  at  ItveniV'-eifM  inches/root  the  top, 
50    8-180  oontetU  (f  thejmria  JRvmoa. 

9    0  "VWt  eofiieni  at  thHy^hi  ineherjhmihctep. 
3    i    4.048  conient  cf  thejlfik  £mkn; 


(mi.  a.)     COHKMI  WSWSKS'  DTIMMLS. 

B.  F.  a 

S  2  S.674,c<mUtUatJbrfy-MxiM)kaJnmthebm. 

i  1  7.320  amientt^  the  tixthdivmaH. 

S  0  5.35^  ccnOewttdJifty-tmoimcketpemtla  tap. 

a  0  S.3b*cfmtmt  y  the  tmaOh  dmtitm. 


S.000  coniaU  at  the  top  i^  the  a 
a-OOOOTHtenf  to  cover  fAs  cromi,  per  tneature. 
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Let  the  ifUtowing  figure  A  B  C  O  represent   a  copper 
h  a  miK^  cra*Ti,  and  z curb;  it  is  required  lo gauge 


GAUGING  AUD  INCKIKG  (fAKT  Vt> 


Dirediau,  far  taking  the  dimeiuiotu,  Sfc. 

Take  the  dimensions  preosely  as  directed  in  the  last 
Exunple;  only  observing  to  measure  the  first  pair  of 
cross  oiameters  exactly  in  the  middle  of  the  curb,  if  its 
depth  be  an  int^^  number  of  inches.  If,  however,  the 
depth  of  the  curb  consists  of  inches  and  tenths,  the  tendu 
must  be  considered  la  belongmg  to  the  second  division, 
and  must  be  measured  as  part  of  its  perpendicular  depth  ; 
oonsequentlv,  the  odd  tenths  that  lUay  be  in  the  vbole 
depth  of  the  copper,  will  fall  at  the  bottom,  as  they 
always  should,  when  we  intend  to  table  fm-  dry  inches. 

Having  taken  the  diameters;  feund  the  areas  of  the 
several  sections  ;  the  Contents  of  the  different  divisions; 
and  the  quantity  of  liquor  to  cover  the  crown ;  we  hence 
form  the  Dimension  Book,  as  beloW. 

DIMENSION  BOOK. 
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Bj  wajr  of  practice,  tite  Learner  is  remind  to  laMafe 
the  for^oinK  ceppw,  ftir  dry  nchM.  (S«e  tbe  Kf^  to 
this  Wo^,  woere  Uie  contpit  is  given  at  evoy  inch  from 
the  top  to  the  bottom  or  tile  ocfiper.) 

yote  1.  The  deptb  of  tbe  curb  'a  11.6  incba;  eoMequently,  the 
Snt  ntean  lUainetei'  ta  Odten  M  6.S  horn  th«  toji;  nmdj,  ki  th« 
miiklle  of  the  eleien  inches ;  and  the  >li-lentlu  we  axntaei  u  be- 
o  ihe  Kcotld  divUlon  of  the  cc 

\a  10  or  le  inMBnl  iac^a.  it  iriU 
if  (CGUiuy.  to  divide  it  Inio  tw» 
or  more  divisioni,  by  measuring  mean  diameten  in  the  middle  of  every 
€,  7,  8,  or  9  inehca,  a>  tbe  case  may  require 


PROBLEM  III. 
To  gauge  and  inch  a  copper  with  a  falling  crown, 

EXAMPLI. 

Let  the  following  figure  A  B  C  D,  represent  a  copper 
with  a  falling  crown;  it  is  required  to  gauge  and  incu  it, 
as  nractiscd  in  the  Excise^ 


wiui  a  laiiuig  crown;  i{  la 
18  practised  in  the  Excise 


To  take  the  dimennont,  ^. 

By  the  help  of  a  plumb-line  find  the  depth  E  D  or  G  C, 

from  the  diameter  A  B,  to  the  angle  where  the  body  of 
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the  copper  and  its  bottom  are  united ;  and  you  will  have 
the  perpendicular  depth  of  that  part  of  the  oc^per  which 
is  to  heUUndaieiL 

By  the  same  method  determine  the  depth  F  H^  from 
the  middle  of  the  diameter  AB,  to  the  centre  of  the 
crown;  then  F  H  minus  £  D  =:  H  n>  the  depth  of  the 
crown  C  H  D. 

Next^  measure  the  diameters  AB  and  CD^  by  the 
help  <jf  which  quarter  the  copper.  Also  take  cross  dia- 
meters^ from  which  find  mean  diameters ;  and  enter  the 
dimensions^  areas^  &c,  in  your  Dimension  Book^  as  below. 

DIMENSION  BOOK. 


1        A.  B,'s  Capper,  No.  3,  gauged  Aug.  16,  1821. 

Divisions 

in 

Inches. 

^^8 

Mean 
Dia- 

meters. 

Areas 
fn 

Gal. 
Ions. 

Contents 

in 
Gallons. 

Areas  in 
&F.  G. 

Contents 

in 
B.  F.   O. 

10 
10 
10 
10 
10 

45 

35 

25 

15 

5 

ee  »78.2 
dd  »75.8 
cc  =s73.4 
66  =70.6 
aa  »64.3 

17.032 
16.002 
15.005 
13.882 
11.515 

170.32 
160.02 
150.05 
138.82 
115.15 

40.11 

0 
0 
0 
0 
0 

8.032 
7.002 
6.005 
4.882 
2.515 

4 

4 
4 

3 

1 

8 
1 
0 
3 

0 

B.3g 
7.02 
6.05 
3.82 
7.15 

4.11 

50 

Diam. 

Crown. 

CD=r58.4 
Hms  8.2 

Crown 

... 

Whole 
Depth. 

Who 

r 
e  content  of  the 

Copper. 

774.47 

•    .    . 

21 

'\ 

0.47 

Tojind  the  tofUetU  qf  the  foregoing  copper,  at  every  wet  inch 

of  its  perpendicmar  depth. 


RULE. 

To  the  content  of  the  crown^  reduced  to  ban^,  fir« 
kins,  and  gallons,  add  the  area,  of  the  first  section ;  and 
the  sum  will  be  the  content  at  one  ihch  deep.  To  this 
content  add  the  same  area,  and  you  will  obtain  the  con* 
tent  at  Z  inches  deep,  &c.  &c.  as  in  the  following  Table, 
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A  TABLE 

SHOWING    THE     METHOD     OF     INCHINO    THE     POREOOINO 

COPPBIL 


Wet 

Inches. 


Crown 


Contents  in 


1 


4.110 
112.515 


01 


2 

01 


6.625 
2.515 


30 


.140 
2.515 


0  2.655 
2.515 


Wet 
In. 

chefi. 


Contents  in 
B,F.    G. 


4   2:1 
0 


T 


12 


22 

sjo 

01 


SI 
0 


5.170 

.515 


Wot 

In- 

ches. 


7.685 
2.515 


1.200 
2.515 


12 


5.715 
.515 


Contents  in 
B.F.    G. 


8 


10 


11 


12 


42 
01 


6.230 
2.515 


8.745 
.515 


2.260 
4.882 


7.142 
4.882^ 


In  this  nuuiner  the  content  may  be  obtained  at  everjr 
inch  of  the  depth ;  and  the  Learner  is  required  tQ  qodXj^ 
nue  the  above  proeeM»  and  form  a  Table  BociJc. 

Note  I.  The  crown  of  the  foregoing  copper  is  consklered  as  the 
segment  of  a  sphtte.  The  content  by  Rule  L,  Pro|l>.  Xl.,  Part  V.,  is 
found  in  the  Key ;  in  which  Work  the  copper  is  tabulated  for  every 
inch  of  its  depth. 

t.  In  order  to  prove  the  process  of  taUingt  add  |be  content  of  the 
first  division  to  the  content  of  the  crown  (  and  you  will  have  the 
content  at  10  inches.  To  this  content  add  the  content  of  the  second 
division ;  ajad  th«'sun^  will  be  the  content  at  20  indies,  &c.  &o. 


PROBLEM  IV. 

To  gauge  and  inch  a  copper-back, 

.      PESUMXKARY  •  OBSERVATIONS. 

A  oopper-badi:  is  a  Tessd^  with  a  flat  bottom,  fixed  hori- 
aontally  over  the  top  of  a  copper;  andwhtti  aeveial  kmda 
of  wort  are  made  at  the  same  brewin^y  one  kohd  is  oonveyed 
intothe  copper  back,  while  another  is  boiling  in  the  oopper. 

By  this  means  the  steam  which  rises  fttmi  the  copper^ 

Gg« 


9» 


ttAUOXK^  AUD  INCnOKI.  (fUbT  V7. 


A  TABLfi  SflfiWlNG  THE  METHOD  OF  INCHING  THE 
FOREGOING  eOPPER-BACK. 


WSi     Oontttits    VWet 


itt' 


9. 
3 

4 


in         I  III 
B.  F.    G,    llche» 


8   8.756 


3 


8.878 
8.878 


i^ 


8.878 


8.634 
a878 


6 

i 


8.5ie  _ 

8.8781 


CoHtents 
in 
B«  P.    a 


Confenu 
In 
B<  K    G. 


11 

I 

■ 

13 
1 


3 


3 
3 

3 
3 


8.^90 
8.878 


8.878  i 


8.146 
8.878 


8.084 
8*8781 


7.902 
&878 


•■•  m*i^ 


3 1  7.780 
8.878 


7.658 
8.878 


7.536 

&878 


In  this  manocr  the  6oiitent  may  b«  obtained  at  eveiy 
t»el  inch ;  and  the  Learner  is  reqtiired  to  continue  the 
dK>ye  process^  and  form  a  Table  Book.    OSee  the  Key  to 
.  this  Work.) 

Rexarks. 

1.  Whatever  form  a  copper-back  may  assume^  its  base 
must  be  divided  into  such  geometrical  figures  as  may  be 
the  most  easily  measured  by  the  Rules  given  in  the  res- 
pective Problems  of  Part  I V. 

2.  If  a  copper-beck  be  the  fifustum  of  a  pyramid  or  Cone» 
dimensions  must  be  tdcen  in  the  micfcue  of  every  10 
inches  of  its  perpendicular  depth ;  and  it  must  then  be 
tabulated  in  the  Same  manner  as  a  guile«tun«  (See  Prob< 
lems  IX.,  X^  and  XL  of  this  Section.) 


PROBLEM  V, 

To  gauge  and  itieh  an  imderbaek  in  the  form  of  a 

cylinder* 

Dir^ctkmjbr  taking  ike  Omensbm,  ^. 

As  orlindi^ical  underbacks  are  seldom  perfectly  rooDi, 
cross  diameters  must  be  measured  in  several  places ;  and 
ihdr  sum  divided  by  .their  number  maf  be  taken  ass 
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mem  diameter.  The  square  of  this  maan  diameter  divi> 
3ed  by  359.05,  will  give  ^  area,  (or  ntber  the  ctmtent) 
in  ale  saUona,  at  one  mdi  deep ;  and  if  tbii  content  be 
reduced  to  barrels,  firkiiu,  and  gailong,  and  added  to 
itself,  the  sum  win  be  the  content  at  two  indies  deepj  and 
thiu,  by  ccotimtal  addition,  the  content  of  the  Tesael  may 
be  obtajned  at  every  wet  illdl'of  Ita  depth. 

JVbff.  Tbe  atM  oncwcrtaiiE  to  the  mean  JlainMer  nuj  alto  be  found 
fn  the  TdOe  of  Ale  Ansa,  in  Pnt  VII. }  ani  fTjl  be  multiplied  bf 
the  meu  depth  of  the  vessel,  the  product  will  be  tbe  content  in  ale 

pltons. 


Let  the  following  figure  A  B  C  D,  rmresent  a  comnHHi 
brewer's  cylindricu  imdeiback,  whose  depth  is  50  inches, 
iDd  the  cross  diameters  taken  in  several  places,  as  below ; 
it  is  required  to  tabulate  the  vessel,  fbr  wet  inches^  as  prac- 
tised in  tbe  Excise. 
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Piameter.  IdcIim. 

FiVi^ , i.  62.6 

Second  ,..k,^» »••%<•,••••• G^'^ 

Third  ♦..».* ...♦...•  62.4. 

Fourth  63.S 

rm   ......v 62,3  . 

Sixth 62.6 

jPhidehy 6)376.2  sum^ 

Mean  diameter  ^•••#«.«..*        62.7  quotient^ 

To  JM  the  area  and-  conientk, 

Here  62.7  X  62.7-hS59.05=3931 .29-r359.05= IO.949 
ale  gaUonSfZzl  Jirkin,  I.95  gaBons,  the  mean  area,  and 
1.0.95  x^O=54f7.{l^  the  content  in  aU  gallons. 

A  TABLE 


gUjBWIZ<Qt  THK     METHOD     OP-    KNCIUKa    1;HS.     TOKEQQinf^ 

UNI^EiqSAjCK, 


A.  B.'s  Underhach  gained  Aug.  16,  1821 


Wet  lConteD||i, 
In.   I     in  ' 


ches. 


B.P.G^. 


011.95 


3 


I  Wet 

*  In. 
ches. 


0 

0 
0 


1 

0| 


3^ 

5.85 

7.80 
i.95 


Conteht^ 

in 
B.F.  Gi 


al2 
0 


^10.75 


1 


1 


1.95. 


"rrr 


32.70 


1.95 


^.65, 
1.95; 


6.60 
1.95 


^et  Coi)teats 
^.  t     in 
ches.  B.F.  G. 


9   2]2i8.55 
.011.95 

to  [301.50 
0 1 1.95 


lA 


12 


Ql 


SA5 

1.95 


^5.40 


■  "• ' 


In  this  mann^  the  content  may  be  obtained  at  eveiy 
inch  of  the  depth ;  and  the  Learner  is  required  to  goq« 
linue  the  above  process,  and  fo|in  a  Table  Boojc.  (See. 
^el^eyWtJufiLWorlLjK 
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e.  The  process  of  tdbRng  may  be  proved  at  every  10  incbcflt  by 
plying  the  area  in  gallons,  by  10 ;  and  reducing  the  product  to 
s,  firkins,  and  mllons;  then  if  the  content  thus  found*  at  10 
,  be  added  to  nself ;   the  sum  will  be  the  cont^tit  at  20  inches* 


I 
cc. 


Remark. 


1  uuderback  in  the  form  of  a  parallelopipedon  may 
ched  by  fimfing  the  area  of  its  base^  aiid  proceeding 
tMs  area  as  directed  in  the  last  Problem  ;  and'if  an 
rback  be  the  frustum  of  a  pyraimd^  or  a  prismoid^  it 
be  inched  by  finding  the  areas  of  a  competent  num- 
of  horizontal  seetiqos^  and  proeeeding  with  these 
in  the  same  manner  as  directed  for  the  frustum  of  a 
in  the  first  PzoUera  of  this  Section.  (See  Problems 
.,  IX.^  X.J  and  XI.^ 

PROBLEM  VI. 

To  gauge  and  inch  a  rettangular  hop-back. 

hop^back  is  a  vessel  with  a  false  faotlotn,  in  n^ch 
gzeat  noukber  cf  small  hdes.  Into  this  vessel  the 
r  is  received  from  the  copper;  and  passing  through 
oles  in  the  fidse  bottom,  it  is  CMiveyed  to  the  eocder, 
ig  the  hojps  behind.  Sometimes  the  liquor  is  re- 
I  in  the  hop-back  a  cmmidanible  time,  in  order  to 
he  convenience  of  the  Brewer^  Tn  such^a  case  it 
be  necessary  to  take  a  ga^ge  oi  the  liquoi;i  while  in 
op*back;  tiiis  method,  bowevet,  is  not  practised  in 
)xcise,  when  it  cim  be  avoided,!  without  any  dahger 
^  Revenue. 

IHredkms  fbr.  taking  the  tUnienmonSf  <$t^ 

3asure  several  lengths,  and  divide  their  sum  b^  their 
>er  for  a  mean  lei^^.  Find  a  imeati  breadth  in  the 
manner;  then  multiply  the  mean  length  by  the 
breadth  ;  divide  the  product  by  S8d ;  and.  the  quo* 
wiU  be  die  area  in  ale  gallons. ,  Reduce  this  area 
barrels,  firkin^  and  gallons ;  and  then  tabulate  the 
l>  iox  «4  inches,  lis  dSected  id  Probknta  I  V«  and  V. 

f.  If  thesrea  be  tnuhiiflled  b]r  the  defiflik  Mw  jittidatt  will  be 
itent  in  ale  gaUoww    (See  RcsB^urlui  it  the  end  of  this  Probleou) 
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EXAMPUC* 

The  mean  length  of  a  rectangular  hop-back^  is  1^5 i 
inches,  the  mean  breadth  847  inches,  and  the  depth  20 
inches ;  it  is  required  to  tobulate  the  vessel  for  tvet  inches, 
as  practised  in  the  Excise.  • 

To  find  the  area  und  cotUent* 

Here  1 25.6  x84.7-r«82=106S8.S2-^282=r  37-72  ga!^ 
tonsil  barrel',  0  Jirkins,  and  1.72  gallons,  the  mean  area 
ofthe  vessel;  anrf  37.72x26=930.72  gallons  z=^7  barrels, 
Ojirkins,  and  8.72  gtUhns,  the  content. 

DIMENSION  BOOK, 


Depth* 


26 


L 


A.  B's  Hop-Back,  guagedAug,  1 6, 1821. 


Length. 


125.6 


Breadth'. 


84.7 


Area 
in 

Oalls. 


37.72 


Content 
in 

Gallons. 

980.72 


Area 
in 
B.  F.     G. 


1101  1.T2 


Conteats 
in 
B.   F.     G. 


27 


r 


8.72 


THE  METHOD  OP  TABULATING  THE  FOREGOING  HOF- 

BACK,  FOR  WET  INCHES. 


Wei 

In. 

ches. 

Contents     ii 
in           1 
B.  F.     G.     1 

Wet 

In- 

che«. 

5; 
6 

* 

7" 

Contents 
in 
B.  F.    6. 

Wet 
In- 
ches. 

Contents 
in 
B.  F.     G. 

1 
2 
3 
4 

I 
1 

2 
I 

3 
1 

T 

1 

0 
0 

0 
0 

1.72' 
1.72 

7 
1 

6 

1 

0 
0 

8.60 
1.72 

9 

10 

11 

9 

1 

• 

1 

0 

6.48 
1.72 

3.44 
1.72 

1 
0 

1.32 
1.72 

10 

1 

11 
1 

12 
1 

1 

0 

2 

0 

8.20 
1.72 

0 
0 

0 
0 

5.16 : 

1.72  . 

7 

1 

I 
0 

3.04 
1.72 

a92 
1.72 

6.88 
1.72  I 

8 

1? 

1 

0 

4.76 
1.72 

2 
0 

2.64 
1.72 

By  proceeding  in  this  manner,  the  o^tenMt  every  vet 
inch  maybe  obtained;  and  the  Learner  is  required  to 
Q^tinue  the  process,  and  ibirm  a  TaUe  Bode.  (See  the 
Key  to  this  Work.) 
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M the  depth io he alUmedfor  ike hopSffahehoUankiSfc. 

RULE. 

Ind  the  content  of  the  liquor^  hops^  «nd  fiJae  bottooHy 
le  hop-back ;  then  draw  off  the  liqaor  into  a  cooler, 
l)er  vessel ;  and  find  the  content  of  the  liquor  only. 
Q  the  content  of  the  liquor,  hops,  and  false  bottom, 
'act  the  content  of  the  liquor;  and  the  remainder 
be  the  content  of  the  hops  and  false  bottom.  Divide 
content,  in  inches,  by  the  area  of  the  hop-back,  in 
»;  and  the  quotient  wiU  be  the  deduction  that  must 
ade  in  the  depth,  when  a  gauge  of  wort  is  taken  in 
iop-back. 

EXAMPLE. 

le  length  of  ft  hap«back  is  114  inches^  its  breadth 
ches,  and  the  depth  of  the  liquor  15*5  inches.  Now> 
'  wort  be  draWn  off  into  a  cooler  whose  length  me«* 
152  inches,  the  breadth  126  inches,  and  the  depth 
e  liquor  7  inches ;  what  deduction  must  be  made 
I  depth,  when  a  gaure  is  taken  in  the  hop-back,  in 
to  make  a  proper  allowance  for  the  hops  and  false 
71  ?  Ans.  1.5  inches^  • 

Remarks. 
The  mean  depth  of  the  liquor  in  t)ie  h<mi-back^  must 
und  in  the  same  manner  as  directed  for  a  cooler ; 
;  the  different  dips  cannot  be  taken  with  a  dippings  . 
a  small  wire  must  be  used,  that  will  easily  pass 
^h  the  holes  in  the  false  bottom. 
The  constant  dippng^phce  can  be  only  at  that  end 
ner  of  the  hop^back,  where  the  liquor  is  drawn  off 
16  cooler ;  and  as  the  back  is  deeper  there  than  in 
ther  place,  in  consequence  of  the  mblination  of  the 
,  it  is  evident  that  a  deduction  must  always  be  made 
depth,  whenever  a  gauge  of  wort  is  taken  in  the 
ick.     Now,  if  the  deduction  for  hops  and  Jxdse  bot» 
i  added  to  the  deduction  for  drip;  the  sum  will  be 
hole  deduction  required,  which  must  be  marked 
the  side  of  the  bacK,  as  directed  in  Problem  V.,  bf 
;t  Section. 

1.    Here  it  may  be  necessary  to  observe,  that  when  a  hop- back 

^d  and  fixed  as  directed  in  the  last  Problem,  the  deduction  for 

d  false  bottood  wlU  only  be  correct  when  the  same  quantity  of 

\jsed  as  was  contained  in  the  back  when  it  was  fix6d.    Coilte- 

,  ^'hen  t&ore  bops  are  used,  the  deduction  should  be  increased  f  - 
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bot  when  a  smaUer  quantity  Is  employed,  the  deduction  should  t 
diminiahed  in  taking  the  gauge.  (For  the  method  of  deducting  tl: 
heat  from  warm  wort,  see  Problem  XII.) 

2.  When  a  hop4)ack  is  in  the  forni  of  a  cylinder,  or  the  ftustnin  c 
a  i^rxaBiid  or  cone.  It  must  be  gaiiged  and  inched,  in  the  same  raannc 
as  an  under-haek»  or  a  ginle-tun.  (See  Pnohtenv  V.,  IX.,  X^  and  X  I. 

PROBLEM  VII. 

To  gauge  and  tenth  a  bacjc  or  cooler* 

Directions  for  taking  tkb  dimensions,  (ft?. 

Whaterer  be  the  form  of  the  coder^  sudi  dimoiaioiu 
must  be  taken  as  will  give  the  area  of  its  base^  in  ale 
gallons,  as  directed  in  Part  IV. ;  and  as  this  area  or  con- 
tent is  alwa3rB  considered  to  be  one  indi  deep,  it  is  evident 
that  if  we  divide  it  by  10,  the  quotient  will  be  tJie  area 
or  ccmtent  at  one-tenth  of  an  inch.  Reduce  this  content 
to  barrels,  firkins,  and  gallons,  and  add  it  to  itself^  and 
the  sum  will  be  the  content  at  two-tenths  of  an  inch  ; 
and  thus  by  continual  addition  we  may  obtain  the  con- 
tent of  the  cooler  at  every  tenth  of  an  inch  of  its  d^th. 

Note  1.  When  brackets  are  placed  at  the  comers  of  the  cooler,  to 
strengthen  the  sides,  the  sum  of  their  areas  must  be  deducted  from 
the  area  of  the  cooler. 

2.  A  constant  dipping-place  may  be  found  as  directed  in  Problem  V. 
of  the  last  Section.    (See  also  the  Remark  at  the  end  of  that  FroUem.) 

EXAMPLES.      . 

The  dimensions  of  a  common  brewer's  rectangular 
cooler  are  given  below ;  it  is  required  to  tenth  it  to  the 
depth  of  three  inches,  as  practised  in  the  Excise. 

DIMENSION  BOOK. 


A.  B's  Cooler,  No»  1,  guaged  Avg.  16,  1821. 


Depth. 


6 


Length.  Breadth. 


220.8    174.3 


Area 

in 

Gallons. 


136.473 


Content 

in 
Gidlons. 

818.838 


Area 
ia. 
B.  F.    G. 


3131  1.473 


Coateot 
in 
B.  P.    G. 


22 


2  I  8.8»j  ; 


BY  THE  PEN. 

To  find  the  area  and  content. 
By  Prob.  5,  Sect.  L,  Part  VL,  we  have  220.8  x  174.3-:- 
282=sS8485.44-r282=:136.473  gaUons:=i3  barreU,  S  Jlr* 


\ 
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Sy  and  1.473  ^aiZtM»,  ike  arm  cfthe  cooler;  and  136.473 
^=818.838  gaitons:=:^2  barrA,  2  ^rJKw,  8.38  gottm, 
cofi/en/  ^  ike  cooler;  whkh  areoi  mid  coiUcnis  are 
irferred  to  the  Dimexskm  Book,  us  above. 

*^^J^*^  ^  **^  «*°>*  at  one  fcich  deep,  is  136.473  ale  eal. 
Thisbcing  divided  by  10.  |[ivcs  13.«473  alegrilom,  the  awirf 
cooler,  at  one.tentfa  of  an  inch  ;  and  if  this  be  lednoed,  we  obtain 
km  and  4.6473  gallena,  the  nuniben  to  be  uaed  in  ienthbiM^  the 
jr,  as  in  the  followiag  Tid>le.  «««wr^  toe 

TABLE  SHEWING  THE  METHOD  OF  TBKTHING  THE 

t^OREGOING  COOLER. 


Wet 

In. 

ches. 

Contents 
in 
B.  F.    G. 

Wk 

In. 

ches. 

Content 

in 

E.  F.    G. 

In. 

ches. 

Ti" 

2.4 

2.S 

* 

2.7 

2.8 
2.9 

ao 

3.0 
6.0 

Contents 
in 
B.  F.    G. 

ai 

0.2 
0.3 

a4 

0,5 
0.6 
O.Y 
0.8 
0.9 
1.0 
l.l' 

9 
0 

0 
0 

1 

0 

1 

I 

3 
1 

0 

1 

4w6473 
4.6473 

1.2 
13 
1.4 
1.5 
1.6 
1.7 
1.8 

1.9 

> 

2.0 
2.1 
2.2 

4 

0 

2 

1 

4.6473 

8 
0 

2 
1 

7.8879 
4647S 

0.2946 
4.6473 

4 

0 

3 

1 

6.4149 
46473 

9 
0 

0 

1 

3..'».'»2 
4.6473 

4^9419 
4.6473 

5 

0 

1 
1 

2.0622 
4.6473 

9 

P 

0 

1 

I 

3 
1 

8.1825 
4.6473 

1 

0 

2 
1 

0.5892 
4.6473 

5 

0 

2 

1 

6.7095 ' 
4.6473* 

3.8298 
4.6473 

1 

0 

3 
I 

1 

5J?365 
4.6473 

6 
0 

0 

1 

2.3568 
4.6473 

10 
0 

0 

1 

8.4771 
4.6473 

2 

0 

1 
I 

0.8838 
4.6473 

5.5311 
4.6473 

6 
0 

0 

1 
1 

7 

1 

7.0041 
4.6473 

10 
0 

2 

1 

4.1244 
4.6473 

2 

0 

2 

1 

2.6514 

4.6473 

10 
0 

3 
1 

8.7717 
4.6473 

3 

0 

3 
0 

0 
1 

1 

1 

4.6473 

5.8257 
4.6473 

7 
0 

0 

1 

7.2987 
4.6473 

11 
n 

22 

1 
1 

T 

4.'4190 
4.4190 

7 
0 

2 

1 

2.9460 
4.6473 

^.8389 

1 

3 

0 

3 
1 

1.4730 
4.6473 

7 
0 

8 
0_ 

3 
1 

7.5933 
4.6473 

4 

0 

0  6.1203 

1  k647S 

1 

3.2406 
4.6473 

Hh 
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COMaMON  BREWER'S  TABLE  BOOK. 


.  A.  R't  Cookr,  N(K  I.                       \ 

Wet 

Contents 

Wet 

Contents    A  Wot 

Gooteiti^ 

In. 

in. 

In- 

in .       1  la* 

in 

cbes. 

B.    F.    G. 

cM. 

B.    F.    Q  J  dies. 

B.  F.    G. 

6.1 

0 

1 

5 

1.1 

4 

0 

6 

2.1 

7 

\s 

8 

0.2 

0 

S 

0 

1.2 

4 

2 

2 

2.2 

8 

1 

3 

0.3 

1 

0 

5 

1.S 

4 

3 

6  1  2.3 

8 

2 

8 

0.4 

1 

2 

1 

1.4 

5 

1 

2 

2.4 

9 

0 

4 

0.5 

1 

3 

5 

1^ 

5 

2 

7  I  2^ 

9 

1 

8 

0.6 

2 

1 

1 

1.6 

6 

0 

2 

2.6 

9 

'3 

4 

0.7 

2 

2 

6 

1.7 

6 

1 

7 

.2.7 

10 

0 

8 

0.8 

3 

0 

i 

1.8 

6 

3 

a 

2.8  ao 

2 

4 

0.9 

3 

1 

1^9 

7 

0 

7 

2.9 

11 

0 

0 

1,0 

S 

S 

1 

2.0 

f  7 

2 

3 

[  3.0 

11 

1 

.* 
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Let  the  followmg  figure  A  B  C  D  E  Fj  represent  an 
irregular  cooler^  whose  depth  is  6  inches ;  it  is  required 
to  gauge  9nd  tenth  ix,  as  practised  in  the  Excise. 


(sect.  XI.)  commom  bbxwsbs*  ctbksxls.     S81 


IXtefitionsJcr  taking  ih^  iimetmotU,  ^ 

Produce  the  line  £  F  to  G;  and  the  cooler  wiOf^e 
divided  into  the  two.  teapeaiums.A  B  G  F>  «nd  £  G  C  D^ 
Measnre  the  diagonals  and  perpendiculars;  find  the 
double  area  of  eadi  trapezium ;  and  half  the  sum  of 
these  doiible  areas  iivfll  be  the  whole  «rea  of  the  cooler^ 
at  one  inch  deep*  Divide  this  area  by  10^  and  you  win 
have  the  area  at  one*tenth  of  an  inch ;  then  reduce  this 
area  to  barrels,  firkins^  and  gallons ;  and  proceed  to  tenth 
the  cooler  as  shown  in  the  last  example,  (See  Prob.  VIII.^ 
Part  IV.) 

Nate.  In  the  prance  of  gauging;  the  dlmetitions  of  an  Irregular 
figure  are  moat  cnaily  entered  upon  a  sketch,  as  in  the  last  Example. 
(See  Note  2,  Exam.  4^  of  the.Fioblciii  to  which  we  laat  referred  ) 


BY  THB  FEN,     . 

.  To  Jwd  the  ar^a. 

.  %  Prob.rilL,  Part  Z^.,  m  have,  (92.7 Hr  86.5)  X  2q$.5=s 
178.9  x208<^2s373CK).64f  fto<&^^  the  area  qf  the  trapezium 
ABGF.  Again,  (.H)2.3+9S.6)x223.4=:195,ftX^23.4 
s:43764.06  ckmble  tfie^area  ojf'iAe  trapezium  E  G  C  D.  ^ 

2  -^        ,  .     2 

square  inches,  the  area  qf  the  whole  cooler  i  arid  40532-355 
-f-282=:14d.731,  the  area  in  ale  gallons,  at  one  inch  deep; 
consequent^,  14.3781  gallons  =  1  ^rkin,  and  5.3731  gallons, 
the  area  at  one^entk  of  aw  inch ; '  hence,  we  may  proceed  to 
tenth  the  cooler^ 

I  • 

To  Jtndihi  content. 

Here  143.731x5:^:718.655  ale  gdlfonssslQ  barrels,  5 
firkins,  and  7,656  gallons,  the  whole  consent  qf  the  cooler. 


Hh2 
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.  A.B, 

Wet      Contents 

Wc 

In-            in. 

In- 

cbes.  B.     F.    G. 

chet 

6.1 

0 

1 

B 

1.1 

0.2 

0 

3 

0 

1.L 

0.3 

1 

0 

5 

1.: 

0.4 

1 

2 

1 

1.4 

0.5 

1 

3 

5 

1.5 

0.6 

2 

1 

1 

i.e 

0.7 

2 

2 

6 

1.7 

0.8 

3 

0 

I 

1.8 

0.9 

3 

1 

Uf 

1,0 

S 

S 

1 

2.0 

Let  the  foUcvwing  figi 
irregular  cooler,  "whose  cli 
to  gauge  and  ^en/A  U,  as  p 


^ 


\ 


.^>^ 


ry 


B 


^— ■•— — INi*i 


niQ 


-  mi  w  dipping 
^  r  jp adriOBrtiDflw^  case. 
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yet  given  for  finding  a  irtte  dipping>place, 
■rrect;  as  it  is  founded  on  Mathematical 


)BLEM  VIII. 

ile'tun  in  the  form  of  a  parallelo^ 
pipedon, 

faking  ike  dmenMns,  Sft. 

Iis^  in  (fifferent  parts  ef  the  vessel ; 
y  their  ntimber  for- a  mean  length. 
.  the  same  maimer ;  then  multiply 
3  mean  breadth;  divide  the  pro- 
juotient  will  be  the  area,  or  rather 
IS  at  one  inch  deep. 
y  the  depth,  and  the  product  will 
>f  the  ton.  From  this  content,  fe- 
fs,  and  gallons,  subtract  the  ^nean 
IX  will  be  the  content  at  one  dry 
is  OGOtent  subtract  the  same  area, 
e  eontent  at  2  dry  inches,  &c.  &c. 
i  bottom  of  the  vessel.  (See  the 
coiiper  in  Problem  II.) 

he  area  by  10,  it  is  evident  that  the  pro- 
'  inches  of  the  tun;  and  if  tliis  content  be 
)CKflnt«  the  remainder  will  be  the  content, 
eoce,  the  tabling  may  be  proved  at  every 

ted  for  wet  inches,  byProb.  IV^  of  this 


EXAMPLE. 

guile-tmi  in  dxe  fixm  of  a  paraU 
4.6  inches,  its  breadth  A  £  83.4 
5  C  72  inches ;  it  is  required  to 
aches^  as  practised  in  the  Excise. 


Hh3 
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DIMENSION  BOOK. 


The  ditnensions,  avea,  and  content  may  be  entered 
below.  ( 


(PABT  TI J 


A  *B^s  Cooler,  No.  2,  gauged  Aug.  16,  iSgl. 


Depth. 


Diago-' 
nate. 


808.5 
22a4 


Sttinof 
Perps. 


178.9 
195.9 


Area 

in 

Gallons* 


Content 

in 
Gallons. 


14a731 


n^66& 


Area 
B.  F.    G. 


Content 

ID 

B.  P.    G. 


8.731 


19 


7.655 


Note.  In  the  Key  to  this  Work,  the  Cooler  given  in  the  last  Exam- 
plCy  is  tefUhei  to  its  wliole  depth  ;  and,  by  way  of  practice,  the  Learner 
is  required  to  repeat,  the  process,  and  form  .a  Tabte^Book,  as  shown  in 
the  first  Bxample. 

Rbmark. 

Sometimes  it  is  necessary  to  find  a  new  dipping-place^ 
in  consequence  of  the  bottom  of  a  coder  beoofning  Tety 
much  warped  with  the  heat  of  the  wort  In  this  case^ 
the  best  method  is  to  pour  into  the  cooler  a  certain  number 
of  gallons  of  water^  so  as  completely  to  cover  every  nart 
of  its  bottom ;  then  if  these  gallons  be  reduced  to  inches, 
and  divided  by  the  area  of  the  cooler,  in  indies,  the  quo- 
tient will  be  the  true  mean  depth  of  the  water  that  is  in 
the  cooler;  hence,  bv  repeated  trials  you  may  find  a 
place  where  the  depth  of  die  water  exactly  ooneaponds 
with  the  mean  depth  found  as  above  directed.  Or,  you 
may  add  or  subtract  a  few  tenths,  as  directed  in  Prob.  V., 
of  the  first  Section. 

BXAMPL£. 

Suppose  the  »*ea  of  a  Cooler  to  be  ^  barrels,  I  firkin, 
and  4  gallons ;  and  admit  that  6  barrels  of  water  be  pour- 
ed into  the  cooler,  in  order  to  find  a  new  dipping-plaoe ; 
required  the  true  mean  depth  of  the  liquor  ? 

Solution.  Here  6x4x9xd82ss24x9xS8272l6 
xS82s60912,  the  cubic  indies  in  6  iMunrda;  also^  2 
barrels,  1  firkin,  and  4  gaUons=23970  cubic  indies ;  then 
60912-f-2S970=a44  inches,  the  true  mean  depth  re- 
quired. 


scT.  II.)     oomton  Sftttwsts*  -vmisiLs.  S58 

yote.    Of  all  the  methods  yet  given  tar  finding  a  ime  dipplng^plaoe, 
i  appears  to  be  the  moat  oomct ;  aa  it  ia  foanded  on  Mathematical 

ncipJes. 

PROBLEM  VIII. 

t 

gauge  muiinck  a  guUe-tun  in  the  form  of  d  paralleld' 

pipedon, 

IXreciumsfor  taking  the  dimen$kms,  SfL 

leasure  several  lenffths,  in  cBfferent  parts  ef  the  vessel ; 
divide  tbdr  sum  by  their  number  for^a  mean  len^. 
d  a  mesm  breadth  m  tiie  same  manner ;  then  multiply 
mean  length  by  the  mean  breadth';  divide  the  pro- 
t  by  282^  and  the  quotient  will  be  the  area,  or  rather 
content  in  ale  gallons  at  one  inch  deep. 
[ultiply  this  area  by  the  depth,  and  the  product  will 
:he  whoje  content  of  the  tun.  From  tliis  content,  re« 
!d  to  bacrekj^  flricins,  and  gaBons^  subtract  the  mean 
;  and  the  remainder  will  be  the  content  at  one  dry 
u  AgBiD,  iHrom  this  caiftent  subtnct  the  same  area, 
yoa  will  obtain  the  eontent  at  2  dvy  inehes,  &e.  &c. 
1  you  arrive  at.  the  bottom  of  the  vesseL  (See  the 
hod  of  indiing  the  copper  in  PvoMem  II.) 

yif.  1.  If  we  multiply  the  area  by  10,  it  is  evident  that  the  pro- 
»'iU  be  the  content  of  10  inches  of  the  tun;  and  if  this  content  be 
acted  from  the  wboie  content,  the  remainder  will  be  the  content, 
10  ittchea  are  diy ;  hence,  the  tablmg  may  be  proved  at  every 
ches  of  the  depth. 

The  tun  may  be  tabulated  for  wet  inches,  by  PlOb.  IV.,  of  this 

•n.  '  / 


EXAMPLE. 

le  length  A  B  of  a  guile-tun  in  dxe  fann  of  a  paraU 
ipedon,  measures  94.6  inches,  its  breadth  A  £  83.4 
^s,  and  its  depth  B  C  72  inches;  it  is  required  to 
ate  the  tun  for  c^r^  inches^  as  practised  in  the  Excise. 


Hh3 


PY  THE  PEN. 

Tojindtke  area  and  txMetil. 

Hert9i.6x  8S.4-s-SS2=7889.64-;-a82  =27  077  rf,, 
=3  >*■«  a^  0.977  gaSm,,  Ot  nea,  area  ■  and  ITm 

littllms,theivkoiecotaeKtoftluvettel.  ,  «^  i-on 

DIMENSION  BOOK. 


±£^^re  Ouue  l^n.  Aft  1.  ^««^crf  ^«.  9^,  .r«.  | 

Depth. 

Ungth. 

— 

:£. 

Area 
in      _ 
B.  F.    G. 

0  s[a977 

CoM«u 

78 

9*.6 

83.4     27.JTT 

54  3  r^ 

[.)      covicoey  bbxwx&s^  vtxkbils. 
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LE  SHEWING  THE  METHOD  OP  INCHING  THE 
FOREGOING  GUILE^TUN, 


Contents 
in 


55j  3  [7.344 
Ol  3  0.977 


5^ 

In* 

Iches. 


Conteitto 
in 
B«    F.    G. 


6.367 
0.977 


5.390 
0.977 


1531  2  4.413 
3  I0.977 


4 


52 
0 

52 
0 

3 
3 

0 
3 

3.436 
0.977 

2.459 
0.977 

51 
0 

50 
0 

1 
3 

1.482 
0.977 

2 
3 

0.505 
0.977 

Dry 
In- 


Con  tents 
in 
B.    F.    G. 


8 


49)2  18.528 

(As  0.977 


10 


11 


5.597 
0.977 


;his  manner  the  content  may  be  obtained  at  every 
ich ;  and  the  Learner  is  required  to  continue  the 
process,  and  form  a  Table  Book.    (See  the  Key 
5  Work.) 


;  1.  In  taking  a  ^uge  of  liquor  In  a  Common  Brewer*s  guile, 
le  depth  is  atwayft  taken  to  the  nearest  half-inch :  Thus,  if  the 
be  under  10.3  inches,  U  iscaUed  10  inches  $  if  it  be  10.3  inches, 
ider  10.8  mches,  it  is  called  10.6  inches ;  and  if  the  depth  he 
iches,  or  above,  it  is  called  11  inches. 

I^hen  the  depth  of  a  gauge  contains  a  half-inch,  the  content  is 
by  taking  half  the  «um  of  the  contents  corresponding  to  the  two 
St  depths,  in  whole  numbers,  one  of  which  is  greater  and  the 
less  than  the  depth  in  question  i  Thus,  if  the  dq>th  Were  10.5 
s,  we  add  48b.  Of.  7g.  the  content  at  10  inches,  taken  from  the 
!  Table,  and  47b.  If.  6g.  the  content  at  11  inches,  together ;  and 
atam  95b.  2f.  4g.  Then  this  sum  being  divided  by  2,  gives  47b. 
g.  the  content  at  10.5  inches.  These  obaervatiou*  aie  ap^icahlo 
>th  vef  and  ^  inches. 

Remarks. 

.  Gaile  Tuns  in  general  go  under  the  common  deno«^ 
lations  of  Boutuls  and  Squares.  Thus^  if  the  base  of 
uile-tun  be  a  drde  or  an  ellipse^  the  vessel  is  called  a 
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Round  ;  and  if  the  base  be  a  parallelomm^  or  any  other 
angular  6goMe,  the  voa^el  is  denoiimiatid  a  Square^ 

2.  Common  Bcewer's  large  gufle^tuus  are  generally 
fixed  in  an  oblique  position ;  and  in  such  a  manner,  as 
to  be  Immoveable.  Some  are  raised  on  pillars^  some  are 
placed  upon  the  floor,  and  others  sunk  into  tlie  ground. 
In  some  brew-houses,  however,  where  small  quantities 
,  are  brewed"  at  a  time,  and  consequently  large  utensOs  are 
not. required;  they  use  tuns  that  can  be  moved  to  any 
part  of  the  brew-house  at  pleasure. 

S..  Guile^'tuns  may  be  tabulated  either  for*  we^  or  dry 
inches ;  it  is  however  most  convenient,  in  Practice,  to 
table  large  tuns  for  dry,  and  small  tuns  for  wet  inches. 
By  way  of  illustration,  the  vessels  given  in  the  following 
Problems,  are  tabulated  for  both  fvet  and  rfry  inches.  Thus 
the  Learner  will  have  an  opportunity  of  becoming  fully 
acquainted  with  both  methoos.  The  method'  of  making 
an  allowance  for  the  fall  or  drip,  occasioned  by  the '  inch- 
nation  of  the  tuD,  is  also  clearly  exemplified. 

PROBLEM  IX. 

To  gauge  and  inch  a  guile-tun  in  the  form  of  the  fhutum 
oj  a  cone^and  wake  an  allowance  for  the  fall  or  drip^ 

Direclums  far  finding  the  content  of  the  drip. 
Large  ^uile-tuhs,  as  before  observed,  are  generally  fix- 
ed in  aa  incUning  position,  in  order  that  the  liquor  may 
drain  off  quickly;  and  this  inclination  is  odled  the^^ 
or  drip  of  the  tun ;  and  the  quantity  of  liquor  that  is 
necessary  to  cover  the  bottom  of  the  tun,  wnen  in  this 
oblique  position,  is  called  the  content  of  the  drip. 


Let  A  B  C  D  represent 
the  perpendicular  section 
of  a  guife^tun,  in  the  form 
of  the  fraatum  ci  a  cone 
standing  upon  its  greater 
end,  in  an  oblique  posi- 
tion ;  and  if  £  F  be  pan^- 
Id  to  the  bdttom  of  the 
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esse],  and  D  E  parallel  to  the  horison ;  then  the  qnaiw 
tj  of  liquor  that  wiH  just  cover  the  bottom  of  the  vessd, 
hen  in  ttas  position,  will  be  equal  to  the  ocmtent  of  tl^ 
)nical  ungnla  D  C  E,  ^ 

The  content  of  this  ungula  may  easily  be  obtained  by 
rob.  XXVII.,  Part  V.;  and  when  the  vessel  is  placed  upon 
§  leas  base,  the  content  of  the  ungula  then  formed,  may 
i  found  by  Prob.  XXVIII,  of  the  same  Part;  but  as  the  per- 
^ndicukr  height  of  the  ungula  seldom  exceeds  2  or  3 
ches,  we  may  reduce  the  frustum  D  C  E  F  to  a  cylin- 
)Ty  by  taking  half  the  sum  of  the  diameters  C  D  and 

F  for  a  mean  diameter;  hence  the  content  may  be 
und  by  Prob.  IV,,  Part  V. ;  half  of  which  may  be  taken 
r  the  content  of  the  drip,  or  ungula  D  C  £. 
The  most  pracdcad  meUiod,  however^  and  that  which 
generally  adopted  by  Officers  of  the  Excise,  is  to  cover 
e  bottom  of  tne  vessel  with  water,  from  a  known  mea- 
re ;  and  thus  ^e  content  of  the  ungula  is  obtained 
th  the  greatest  accuracy,  whatever  may  be  its  form. 

^ote  1.  When  a  vessel  in  the  form  of  a  frustum  of  a  oone,  or  a 
ami4,  is  plaoed  upon  its  greater  end,  in  an  oblique  position,  it  is 
dent  that  the  content  of  the  ungula  D  C  £  is  greater  than  half  the 
tent  of  the  frustum  D  C  E  F ;  but  if  the  vessel  be  placed  upon  its 
'  end,  the  content  of  the  drip  or  ungula,  will  be  kss  than  half  the 
tent  of  the  frustum  of  the  same  base  and  altitude. 

!.  If  a  vessel  in  the  form  of  a  parallelopipedon,  or  a  cylinder,  be 
^  in  tti  obHque  position,  the  content  of  the  ungula  will  evidently 
•qual  to  half  the  content  of  the  paraUelopipedon  or  cylinder,  having 
same  base  and  altitude. 


Directions  for  taking  the  dimensions,  ^ 

'^  the  line  D  E  is  parallel  to  Ae  horizon,  it  is  evident 
t  when  the  liquor  rises  to  the  top  of  the  vessel  at  B, 
surface  will  be  parallel  to  D  £;  and  may  be  repre- 
ted  by  the  line  G  B ;  hence,  it  appears  that  the  vessel 
1  not  be  fuH  of  liquor  by  the  eontent  of  the  dry  hoof 
ungula  A  B  G. 

having  caused  water  to  be  poured  into  ^e  vessel, 
n  a  Imown  measure,  until  its  bottom  is  just  covered, 
fall  a  plumb-line  from  B,  to  the  surface  of  the  wi&ter 
2 ;  and  you  will  have  the  perpendicular  depth  of  tha 


jMut  of  the  tun  wbicb  k  to  be  iabuMoA.  With  the 
plumb-line,  transfer  this  peq>endioular  £rom  the  sur£su!e 
qf  the  water  at  m,  to  the  sule  of  the  vessel  at  6 ;  at  which 
point  make  a  mark;/  and  then  measure  the  diameter 
GB. 

Quarter  the  Uin  as  before  directed ;  and  pacallel  to  the 
diameter  G  B>  measure  cross  diameters  in  the  middle  of 
eyery  6,  8^  or  10  inchesiy  as  at  a  a/b  b,cc,  &c.  &c. ;  from 
these  cross  diam^ers  find  mean  diameters ;  then  deter- 
jmoe  the  areas  of  the  several  sections ;  and  the  whole  con" 
tent  of  the  %itf  e  D  £  B  G,  to  which  add  the  content  <^ 
the  upgula  P  C  £ ;  and  the  sum  will  be  the  quantity 
■  of  liquor  th^t  the  vessel  will  contain,  wheil  thus  placed 
in  an  oblique  position. 

Note  1.  When  anjr  circular  vessel  is  placed  in  ah  ibclining  position, 
all  the  sections  tha^  are  taken  parallel  to  the  horisontal  nit^ce  of  t&e 
UqtiDf,  required  to< cover  the  bottom,  Avill  be  ellipses;  butasthedif- 
finfcted  of  their  diameteiB  will  ahrays  be  small,  they  ipoy  beiednced  to 
circles,  by  taking-  half  the  sura  of  the  diaroeteis  for  a  oiean  diameter. 
(See  "Definitions  it,  18,  20,  and  21,  Part  V.) 

9.  It  is  scai^ly  necessary  to  observe  that  after  tlie  perpendicular 
depths  of  B  n,  and  6  m  have  been  determined,  the  water  that  was 
poured  into  the  vessel,  to  cover  its  bottom*  must  be  drawn  ofi^  befbre 
you  can,  with  eonveriSence,  measure  the  cross  diameters. 

3.  The  method  of  tabling  the  tun  for  diy  iiy:he8f  is  shewn  ia  Prob- 
lem n* ;    and  for  wet  inches^  in  Problem  III,  of  this  Section. 

4w  When  it  is  intended  to  table  the  tun  for  wet  inches,  cross  diame* 
ters  must  be  taken  in  the  middle  of  every  6,  8,  or  10  inches  from  the 
diameter  D  E,  towards  the  top  of  the  vesseL  (See  Prob.  VL,  of  the 
first  Section.) 

,    Observaikns  OH  Jindifig  a  dipping'^fkM. 

As  the  line$  B  f»  and  G  w,  are  both  perpendicular  to 
the  line  D  J5,  eoppofied  to  be  formed  by  the  surface  ot 
the  liquor  required  to  cover  the  botU>in  of  the  vessel,  it 
is  evident  th^t  the  (Bpping^piaee  m$y  be  either  at  B  or  G  j 
but  as  the  perpeodi^idar  G  w  is  intercepted  by  the  ^e 
of  the  vessel,  at  G ;  it  is  obvious  that  the  depth,  m  eitte 
wet  or  chy  ia(chem  imqr  be  most  conveniently  measured 
from  the  top  of  the  tun,  in  the  perpendicular  direction  ot 
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If  the  tun  be  tabuUUed  for  wet  inchefli,  the  ffatiging  rod, 
taking  the  depth,  will  come  in  contact  with  the  bottom 
the  vessel,  atr;  comecpeo^^ihe  depth  nr,  of  the 
P;  must  l^  ascertained,  which  let  as  gtippose  to  be  2 
lies;  then  the  number  of  gallons  requirea  to  cover  the 
torn,  win  be  the  omtent  at  2  inches  deep ;  and  this 
tent  added  to  the  area  oi  the  first  sectioD,  will  be  the 
tent  at  3  inches  deep;  and  thus  we  mi^  obtain  the 
tent  at  eyery  inch  of  the  perpi^dicalar  depth  B  n. 


EXAMPLES* 
EXAM.   1. 

he  dimensions  of  the  guile-tun  A  B  C  D,  in  the  form 
lie  finistum  of  a  cone,  standing  upon  its  greater  base, 
contamed  in  thefoUowing  Note  Book;  it  is  required 
abulate  the  vessel  for  cfry  inches,  as  practised  in  the 

ise. 

NOTE  BOOK. 


A,B:sBwnd  GuileTMn,No.l,gaiiigedAug.fl4,l%^lJ[ 

Divisions 

in 
Inches. 

thspAa 
from  the 
Top. 

_ 

Cro6s  Diameters. 

Sum 
of 
^     Ditto. 

Mean 

Di». 

meters. 

10 
10 
10 
10 
10 
10 

5 
15 

25 
35 
45 
55 

• 

92.4 

,93.8 

96.3 

98.6 

102.5 

105.7 

92.2 
9S.6 
95.5 
98.4 
102.3 
105.5 

184.6 
187.4 
191.8 
197.0 
204.8 
211.2 

9^.3 

93.7 

95:9 
9B.5    : 

102.4 
105.6 

2 

Height^ of  the 
Drip. 

Content  of  the 
Drip  by  measure* 

16.5 
gallons. 
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DIMENSION'  BOOK. 

Having  found  the  areas  of  the  several  Bectimis,  ant] 
the  contents  of  the  diferent  divisions,  as  before  directed ; 
ive  hence  form  the  Dimension  Book,  as  below. 


A.  5.'«  iioHmi  Guik  fun.  No.  I, /!a»gtd  Aug.i*,  1821.1 

Depths 

in 
tndua. 

Pia- 
neten 

GsUona. 

Aieu. 

In 
B.    F.    G. 

ConKna 

in 

B.    F.    G. 

10 
10 
10 
10 
10 
10 

3 

92.3 

gs.7 

95.9 
98.5 
10S.4 
105.6 

83.7271 
84.4520 
25.6140 
27.0217 
29.203.9 
SI. 0577 

237.271 
244.523 
256.140 

370.217 
292.039 
310.577 

16.500 

0 
0 
0 
0 
0 
0 

2 
2 
2 
3 
3 
S 

5.7271 
6.4523 
7.6140 
0.0217 
2.2039 
4.0577 

6 
6 

7 
7 
8 
8 

i 
S 
0 

2 
0 
3 

3J71 
1.523 
41 « 

asi7 

4.0S9 

i.577 

Drip. 

Drip. 

rLm.,^. 

0 

1 

JJM 

63 

Wbole  ConUDt. 

1627.267 

Whole  content 

45 

0 

7£6: 

}     coMifetni  bbbvMks*  ctsmili . 


Ml 


Dry 
dies. 

chos. 

v.     G. 

B.    P.      G. 

B.    P.      G. 

I", -.zero 

'-;  5.7271 

4 
5 
6 

7 

42 
0 

41 

0 

0 

to 

2  ,2.3586 
2J5.727I 

3  '5.6315 

2  |5.7271 

0  S.pOW 
2  5.7271 

2  3.1773 

8 
9 

10 

11 

39 

0 

39 

0 

38 
0 

37 

0 

3  6.4502 
2  5.7271 

:  ^ ; 1. 6899 

1  0.7231 

2  5.7271 

2  3.9960 

2  6.4523 

3  16.5437 
2  6.4523 

;^ 

4.8128 

5.7S7;1 

(. 

8.0857 
a.7271 

( 

manner  tba  aabttttt,  at  every  dry  indi,  may  lie 
and  the  Learner  is  required  to  continue  the 
•cess;  and  form.  »  T^eBMk.  (Sec  Ae  Key 
>rk.)  ,  . 

KXilfcS.. 
ing  tbe  dimenaiona  of  the  forgoing,  guil^tim 
n  from  the  twttom  upwards  ;  it  is  required  to 
h&  vessel  tar  met  iBchw;.  as  practised  in  the 

DIMENSION  BOOK. 


Round  Guile  Tun,  No.  \,  gauged  Aug.  j^,  1821. 


1 1     D^'  ■ 


8*7Wn 

24.4583, 
25.6140 

27:0217 

"  ":0"5;77" 


Whole  Content. 


«87.a?i 

214.523 
25(!.140 
270.217, 
292.039 
310,577 

tfl.5ad' 


B&Tni 

a  6.4523 
S  7.6140 

3  2.2039 
01314.0577 


Ci);)tents 
B.  F.    G. 

>  2|3.27I 
;  31.533 
'  o;4.I40 
'  20.217 
1  O'4.03g 
r  2|4.577 

I  I  7-500 
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THE  METHOD  OF  TABULATTKG  THE  FOREGOING  GUILE- 

TUN  FOE  WET  INCHES. 


Wet 

In- 

ches. 

Contents 
in 
B.  F.     G. 

Wet 

In- 
ches. 

6 

7 
8 

9 

Contents 
in 
B.   F.     6. 

|Wet 

In- 
ches. 

Contents 
in 
B.  F.     G. 

Drip 
S 
4 

0 
0 

1 
3 

7.5000 
4.0577 

3 
0 

4 
0 

5 
0 

3 
3 

3 
3 

2 
3 

5.7808 
4.0577 

10 
11 

12 

• 

18 

7 
0* 

8 
0 

9 
0 

1 

3 

3.9616 
4.0577 

1 
0 

2 
0 

1 
3 

2.5577 
4.0577 

0.7885 
4.0577 

0 
3 

d.Ol98 
4.0577 

0 
3 

6.6154 
4.0577 

4.8462 
4.0577 

0 
8 

3.0770 
2.2089^ 

5 

S 
0 

0 
3 

1.6781 
4.0577 

6 

0 

1 
8 

8.9089 
4.0577 

9 
0 

8  5j280S^ 
S  2^0891 

In  the  same  maimer  the  ocmtant  may  be  obtained  at 
at  every  tvet  inch ;  and  the  Learner  ia  required  to  con« 
tuiue  the  process^  and  form  a  Table  Book. 

Note.  As  the  depth  of  the  drif  is  2  inches,  it  is  erident  that  the 
content  of  the  drip  added  to  the  area  of  the  first  Section,  win  be  Che 
content  of  the  tun  at  3  inches,  &c.  &c.  as  in  the  above  TaUek  (See 
the  observations  on  finding  a  dipping-place.) 


PROBLEM  X. 

To  gauge  and  inch  a  circular  guile^ttut  wUk  euriMd  Miduy 
and  make  an  allowance  far  the  drip  crfalL 

Directions  for  taking  the  dimensums,  4t?.  4^. 

Four  in  water  to  cover  the  bottom^  as  directed  in  the 
last  Problem;  then  quarter  the  tun,  and  measure  cross 
diameters  in  the  middle  of  every  6  or  8  indies.  From 
these  cross  diameters  find  mean  diameters ;  then  deter* 
mine  the  areas  of  tlie  several  sections^  the  contents  of  the 
different  divisions ;  and  tabulate  the  vessel,  either  ftr 
fvet  or  diy  inches/  as  directed  in  the  foregoing  ProUcmSi 
(See  Problem  VIL  of  the  first  Section.) 
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UAH.  1. 

imetiBlons  of  the  guile>tun  A  B  C  D,  die  areu  <tf 
ral  Bections,  and  the  contents  of  the  different 
,  are  contained  in  die  fiJIoving  Dimension  Book  ; 
[ired  to  tabulate  the  tun  fbr  vet  inche«j  as  prac- 
he  Ezdse. 


DIMENSION  BOOK. 

tic^  GuUe  TWi,  No.  S,  gauged  Aug.  28, 1821. 

Depth, 

M^n 

ConU..!. 

JUe«. 

Conunu 

Dia- 

in 

in 

iotwm. 

GaUona. 

=-- 

B.  F.  G. 

B.  F.  G. 

53 

fiflfl 

I2.d54 

103.689 

0| 

S.Q.54 

2 

J  4.632 

44 

(fq-'J 

13.453 

107.62^ 

1 

445; 

2 

ti.mA 

36 

13.803 

110.42^ 

1 

*.««,' 

a 

2.424 

2S 

72.S 

14.558 

116.46^ 

) 

^..Wf 

•f 

8.4W 

20 

rtfi.7 

105.1  a 

) 

i.lii 

2 

ITW 

12 

t;fi.8 

1I.S36 

90.68£ 

) 

2.ast 

2- 

J.68t 

4 

60.2 

10.093 

80.744 
5.25C 

0 

\l.0>}3 

2 
0 

8.744 

5.250 

1 

Drip. 

DripbyMeuure 

Depth. 

WboUIContent. 

719-986' 

WhoteCont. 

1.91. 

8.9fi6 

li 

1 

S64  QAoamo^  Jk»D,  ijucmtvo       (part  vi.) 

THE  METHOD  OF  TABULATING  THE  FOREGOING  GUILE- 

TUN,  FOR  WET>JNCHES. 

Wet  ] Contents  n  Wet 


DripO 
0 


In-  /       in 
ches.  |B|.P.  G. 


2    0 
0 


02 


0,5.250 


la. 

ches. 


Bf 


1.093 


6.343 
1.098 


7.436 
1.093 


Conleuts 

ki 
B.F.   G. 


Wet 
In. 
ches. 


1,110.622 


8.529 
1.093' 


1 

iOi 


8 


01 


01 


1.093 


1.715 
1*099 


2.808 
1.093 


OlS.901 
1.09s 


Contents 

in 
B.F.    G. 


9 

# 


10 


11 


12 


II 
1 


27 
12 


4.944 
2.336 


^330 
LSS6 


00 


.666 

2.336 


3.002 


112.3361 


In  the  same  manner  the  content  may  be  obtained  at 
every  tvet  inch ;  and  by  way  of  practice,  the  Learner  is 
required  to  continue  the  process,  and  form  a  Table  Bock. 

Note.  In  the  foregoing  Example,  the  depth  of  the  drip  is  one  inch ; 
consequently,  the  content  of  the  drip  added  to  the  area  of  the  first 
Section,  gives  the  content  of  the  tun  at  2  iiidiesy  aa  ahown  in  the  above 
Table. 

EXAM.  2. 

Supposing  the  dimensions  of  the  foregoing  guile-tun  to 
be  taken  from  the  tc^  towards  the  bottom ;  it  is  required 
to  tabulate  the  vessel  for  dry  inches,  as  practised  in  the 
Excise. 

DIMENSION  BOOK. 


A.  B/s Round  Guile  Tun,  No.  2,gaugedAug.  28, 1821. 

|.s| 

Q     - 

Mean 
Dia- 
meters, 

Areas 
in 

Gal- 
lons. 

in 

Gal. 
Ions.       I 

Aieas 

in 
\.  P.  G. 

Contents 
in 

8 
8 
8 
8 
8 
8 
8 

1 

4 

18 
%0 
28 
36 
44 
$2 

68.3 
69.5 
70A 
72.3 
68.7 
63.8 
60.2 

12.954 
13.453 
13.803 
14.55g 
13.145 
11.336 
10.093 

103.^2    C 
107.624   0 
110.424   C 
116,464   C 
105.160   G 
90.688   0 
80.744   C 

^13.954 

II  4453 

114.803 

>  1 5.558 

14.145 

12  336 

11.093 

2 

2 
3 
3 
2 
2 
2 

0 

3 
3 

0 
0 
3 
2 
0 

0 

^632 
8.624 
2.424 
8.464 
6.160 
0.688 
8.74^ 

5.250 

Drip. 

Drio  b\ 

r  Meas. 

5.250    . 

■'*•*'  *'^  -'- — 

57 

Depth.  Whole  Content 

719.986    . 

19 

3 

8986 
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THE  METHOD  OP  TABULATING  THE  F0BEG0IN6  GUILE. 

TUN,  FOR  DRY  INCHES. 


Dry 

In- 
ches. 


Full 


3 


Contents 

in 
o.  P.  G. 


19 

0|I 

192 
0 


19 
0 


01 


8.986 
3.954 


i 


5.032 
3.954 


Dry 

In- 
ches. 


1.078 
3.954 


1836.124 


3.954 : 


Contents 
in 
B.F.G. 


18 
0 


180 
0 


2l2 


17 

oil 


17 


01 


.170 
3.954 


Dry  I    Contenu 
In*  in 

{ches    B.  P.  G. 


8 


7.216 
3.954 


3.262 
3.954 


8.308  I 

3.954 ; 


10 


11 


17 
0 


162 


0 


16 
0 


15 
0 


0 


4.354 
4.453 


8.901 
4.453 


4.448 
4.453 


8.995 
114.453 


By  proceeding  as  above^  the  content  at  every  dry  inch 
may  be  obtained  ;  and  the  Learner  is  re^^uired  to  continue 
the  process,  and  form  a  Table  Book. 

PROBLEM  XL 

To  gauge  and  inch  an  elliptical  guile-tun,  and  make  an 
Mofvance  for  the  drip  or  foU. 

Directions,  for  taking  the  dimensions,  S^.  4^. 

Pour  in  vnXet  to  cover  the  bottom ;  then  quarter  the 
tun ;  and  measure  transverse  and  eoniugate  diameters  in 
the  middle  of  every  10  inches.  Multiply  the  transverse 
diameter  of  each  section,  by  the  conjugate  diameter ; 
divide  the  products  by  S5^.05^;  and  the  quotients  will  be 
the  areas  of  the  respective  sections.  Multiply  each  area 
by  its  corresponding  depth ;  and  you  will  obtain  the  con-, 
tent  of  the  respective  divisions.  Then  tabulate  the  tun^ 
either  for  w€l  or  dry  inches,  as  directed  in  the  foregoing: 
Problems,    (See  Prob.  VIII.  of  the  first  Section.) 

EJICAMPLES. 
EXAM.    K 

The  dimensions  of  an  ellip:tical  guile- tun,  the  areas  of 
the  several  sections^  and  the  contents  of  the  differeat 

lia 
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diviaimia,  are  amtained  ia  the  fidlowing  Dimension  BocA ; 
it  is  required  to  tabuUtc  the  vessel  for  dry  indies,  as  prac- 
tised in  the  Excise. 

DIMENSION  BOOK, 


A.  B.'s  Hound  Guile  Tun,  No.  S,  gauged  &pf.  5,  18gl. 


1.4 


107.10 

in.oe 

lSB.lfi 

lSi.Tt> 


1.710 
. ,_  1,706 
01'  3,815 


Drip.      Drip  by  nmsure. 


1  dioe 
7,7W 


Si    lOepth.  1   Whole  Content. 


S96.608I Ii6ltlt.608 


Dry 

Ury 
etira. 

llry 

ches. 

B.  h:  G. 

B.     P.  G, 

ches. 

B. 

in 
F.  G. 

Full 
1 
2 
3 

It) 
0 

i6 
0 

l6 

0 

0 

2  2.G02 
1,0.782 

4. 

6 

7 

15 
D 

15 
0 

14 

D 

14 
0 

8.474  1 

a782; 

s 
9 
10 

'"1 

13 
0 

13 
0 

i5.s*e 

i;a782 

I  1.820 
1  0.782 

7.6!)3 
0-782 

e,9io 

0.762 

0  4.a64 
10.76S 

SS.78S 

1  1.710 

0  i.osa 

1  0,782 

3  0.236 
1  0.782 

6.i'2a 
0.78a 

In  this  manner  may  the  content  be  obtained  at  etaj 
dry  inch ;  and  the  Learner  is  required  to  finish  the  phxnfj 
and  form  a  Table  Book. 
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SXAM.  2. 

!.et  the  dimensions,  areas,  and  contents  remain  the 
le  as  in  the  last  example ;  it  is  required  to  tabulate  the 
le-tun  for  wd  inches. 

E  METHOD  OF  TABULATING  THB  FOREGOING  GUTLE- 
TUN  FOB  WET  INCHES. 


Wet 
In- 
ches. 


Drip 


Contents 

in 
B.P.G. 


0)2 


0 


O 
0 


_ 


1 


3.750 
4.858 


8.608 
4.858 


i 


3 


4.466 
4.858 


0.324 


1 '4.858 


In. 
ehes. 


8 


Contents 

In 
B.F.    6. 


01 


015.182 


4.858 


2 
0 

2 

0 


10 


2 
1 

3 
1 


1.040 
4.858 


3 
0 


Wet 

In- 

ches. 


5.898 
4.858 


1.756 
4.858 


11 

12 

« 

13 
14 


Contents 

in 
B.P.    G. 


32 
01 


6.614 
4.858 


4 
01 


2.472 
3.815 


41 
0 


6.287 
3.815 

1.102 
3.8  15 


Thus  may  the  content  be  obtained  at  every  wet  inch  ; 
I  the  Learner  is  required  to  continue  the  process^  and 
n  a  Table  Book. 

"^ote  1.    As  the  depth  of  the  drip  is  3  inches,  it  is  evident  that  the 
of  the  bottom  Section  added  to  the  content  of  the  drip,  gives 
content  of  the  tun  at  4  inches. 

In  consequence  of  the  tun  being  tabulated  for  w€t  inches,  from  the 
e  dimensions  that  were  taken  for  dry  inches,  the  nine-inch  division* 
at  the  bottom  of  the  vessel,  in  both  cases.     This  division  would, 
ever,  have  fallen  at  tlic  top,  if  the  dimensions  had  been  token  with 
sign  to  tabulate  the  tun  for  toet  inches  only. 

Remarks. 

.  When  an  oval  guile-tun  is  not  truly  elliptical^  it  will 
necessary,  for  the  sake  of  accuracy^  to  find  the  areas  of 
horizontal  sections,  by  the  method  of  equidistant  ordi- 
es,  described  in  Problem  XX.  Part  I V.  This  method 
veil  applied  in  Prob.  III.  of  the  fifth  Section, In  gauging 
1  inching  a  Distiller's  Wdsh  Back. 
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S.  Here  it  may  not  be  imprc^r  te  inform  the  youn^ 
Learner^    that  mash-tuns  are  used  for  the  purpose  of 
mixing  malt  and  hot  water  together  in  brewings  in  order 
to  extract  the  saccharine  substance  from  the  malt     From 
the  mash-tun  the  liquor  is  received  into  the  under-back  ; 
from  which  it  is  conveyed  into  the  copper,  for  the  pur- 
pose of  boiling  it  with  hops.     When  the  wort  and  hops 
nave  been  boi&d  together  a  sufficient  time,  they  are  Jet 
out  of  the  copper  into  the  hop-back;   and  thence  the 
liquor  is  conveyed  to  the  cooler,  leaving  the  hops  behind- 
When  the  liquor  has  remained  in  the  cooler,  until  the  heat 
has  evaporated,  it  is  then  conveyed  into  the  guile-tun>  in 
order  to  be  fermented  with  yeast  or  barm.     After  it  has 
been  in  a  state  of  fermentation  a  proper  time,  it  is  put  into 
close  casks,  which   operation  is  called    ^'  tunning"    or 
*'  cleansing/'     Thus  have  we  given  a  short  account  of- the 
process  of  brewing,  in  order  to  show  the  purposes  to  which 
the  vessels  are  applied,  that  are  gauged  and  ^xed  in  the 
foregoing  Problems. 

Note*  In  some  brew-houses,  no  under-back  is  used;  the  liquor 
being  conveyed  from  the  mash-tun  into  the  copper.  When  this  is  the 
case,  it  is  evident  that  one  copper  must  be  placed  above  the  mash  tun 
for  boiling  the  water,  and  another  below  it,  to  receive  and  boil  the 
wort ;  and  it  may  here  be  remarked,  that  much  labour  may  be  saved  in 
pumping,  when  the  vessels  can  be  placed  in  such  a  manner,  that  the 
liquor  can  be  conveyed  from  one  to  another  by  means  of  pipes.  Tbis 
may  be  most  easily  done,  by  building  brew-houses,  upon  inclined 
planes. 

PROBLEM  XII. 

To  deduct  the  heat  from  Common  Brewers^  warm  worU 

RULE. 

Divide  the  warm  gauge  by  10 ;  and  the  quotient  will  be 
the  deduction  that  must  be  made  for  the  heat.  Subtract 
this  deduction  from  the  warm  gauge ;  and  the  remainder 
will  be  the  net  gauge  of  the  liquor,^  in.  barrels,  firkins, 
and  gaUons. 

Note,  The  method  of  deducting  the  heat  from  victuallers'  warm 
wort,  is  giv<^  in  Problem  XUU  of  the  last  Sectioa, 
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SXAMPLE. 

.  Suppose  the  content  of  a  warm  gauge  to  be  23  barrels^ 
rkins^  and  6  gaUons ;  what  is  the  net  gauge,  after  the 
t  has  been  deducted  ? 

B.    F.  G. 
10)28     9    6  nfarm^auge. 
2     3     5  deduction. 


26    0    1  nelgaugt. 


"oie  1.  In  dividing  the  above  warm  gauge  by  10,  we  Qbtain  a  quotient 
Barrels,  and  8  over.  Then,  Sx4+3ss38+3^S5  firkins ;  and  ttd» 
^  divided  by  ID  also,  gives  a  quotient  of  3  firkins,  and  6  over.  Lastly, 
f6s:45-f6=s51  gallons;  and  -by  dividing  Si  by  H),  we  obcain  a 
lent  of  5  gallons ;  h«ice  the  whole  quotient  iff  %  bwrels,  3  firkini* 
5  gallons,  the  deduction  reqiured. 

In  deducting  the  heat  from  common  Brewer's  warm  wort*  it  h 
)mary  to  r^ect  the  dednuil  pert  of  a  gallon,  when  it  is  under  .3  i 
f  it  be  .3  or  upwards  to  .7,  it  is  called  half  a  gallon ;  a^d  when  it 
5ds  .7,  it  is  called  a  whole  gallop. 

.  The  content  of  a  warm  gauge  is  72  barrels,  I  firkin, 
2  gallons;  what  is  the  content  when  the  heat  is  de- 
ted.  An*.  65  bar.  Ojir.  2.5  gaL 
.  If  the  content  of  a  warm  gauge  be  29  barrels,  3 
ins^  and  8  gallcms ;  upon  how  much  liquor  must  the 
y  be  charged  ?  4ns.  26  bar,  3  fir.  8  gal^ 
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SECTION  III. 

THE   METHOD   OF   GAUGING    AND  ULLAGING   CASKS,. 
AS   PRACTISED  IN   THE   EXCISE. 


CASK   GAUGING. 

Preliminary  Observations. 

Cask  Gauging  is  the  most  difficult  that  occurs  in  Practice. 
The  true  content  of  any  open  vessel  may  be  easily  deter- 
mined ;  b^t  to  ascertain  the  true  content  of  a  dose  cask,  by 
mathematical  rules,  requires  no  ordinary  share  of  experiencej 
judgment,  and  skilL  The  difficulty  arises  from  <»isks 
assuming  such  a  variety  of  forms,  with  regard  to  the  cur- 
vature of  their  staves ;  and  the  impossibility  of  giving  any 
poetical  rules,  by  which  the  true  nature  of  these  curves 
can  be  determined. 

There  are  commonly  reckoned  four  forms  or  varieties 
of  casks,  "viz. ; 

1.  The  middle  frustum  of  a  spheroid. 

2.  The  middle  frustum  of  a  parabolic  spindle. 

3.  The  lower  frustums  of  two  equal  paraboloids. 

4.  The  lower  frustums  of  two  equal  cones. 

But  as  a  spheroid  is  formed  by .  the  revolution  of  an 
ellipse ;  a  parabolic  spindle  by  the  revolution  of  the  se- 
ntient of  a  parabola ;  a  paraboloid  by  the  revolution  of  a 
parabola ;  and  a  cone  by  the  revolution  of  a  right-angled 
triangle  ;  it  is  more  than  probable  that  there  never  was  a 
cask  made,  that  exactly  corresponded  with  any  of  ^ese 
varieties ;  for  experience  proves  that  few  casks  are  to  be 
met  with,  that  will  contain  so  much  as  the  first  form,  or  so 
little  as  the  third  or  fourth ;  hence  it  may  be  concluded 
that  casks  in  general  approach  to  the  second  variety ;  or 
more  probably  to  a  variety  between  the  second  and  third, 
lyhich  will  be  the  middle  frustum  of  a  h3rperbolic  spindle. 

Notwithstanding,  Mathematicians  affirm  that  it  is  almost 
impossible  to  make  a  cask  to  agree  exactly  with  any  of  the 
four  varieties  before  mentioned ;  yet  Exase  Officers  find  it 
expedient,  for  the  sake  of  order,  accuracy,  and  expedition, 
tQ  consider  all  casks  as  belonging  to  some  of  those  varie* 
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ties.  Hence  it  becomes  of  the  utmost  importance  to  be 
able  to  diaooTer  to  which  variety  a  cask  makes  the  nearest 
approach,  in  order  that  we  may  apply  proper  rules  in 
computing  its  content. 

It  will  readily  be  perceived,  by  inspecting  Uie  following 
figure,  that  the  head  diameter,  the  bung  diameter,  and 
the  l^igth  of  one  cask,  may  measure  exactly  the  same  ar 
those  of  another  ;  and  yet  the  contents  of  those  casks  may 
differ  from  each  other  by  several  gallons. 

B 


For  let  A  B  C  D  E  F  represent  all  the  four  varieties  of 
casks,  each  cask  having  the  same  head  diameter  A  F  or 
C  D,  the  same  bung  cuameter  B  £,  and  the  same  length 
G  H ;  then  it  is  manifest  the  cask  whose  curvature  is  re- 
presented by  the  external  lines  ABC,  and  D  £  F,  wfll 
contain  more  than  any  of  those  casks,  whose  curvatures  are 
denoted  by  the  internal  lines  ABC,  and  D  £  F.  It  is 
also  evident,  that  several  varieties  may  be  formed  between 
the  first  and  the  fourth ;  hence  the  impossibility  of  giving 
any  general  rules,  by  which  the  tme  contents  of  all  casks 
can  be  determined.  However,  to  approach  as  near  to  the 
truth  as  the  nature  of  the  subject  will  admit ;  the  general 
method  adopted  in  the  £xcise,  is  to  examine,  very  care« 
fully,  the  casks  that  are  about  to  be  gf^g^  and  ^ed ; 
and  compare  one  cask  with  another.  Thus,  when  it  is 
found  that  the  staves  of  a  cask  are  very  much  curved,  it  is 
apposed  to  belong  to  the  Jlrst  variety  ;  when  the  staves 
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ace  net  qwts  lo  mndi:  curved,  th«  cade'  is  couddered  as 
banging  t«  theMCOMJ  Mcn^ /  whtntlie  atrvataK  oF 
tbegOivea  is  v«ry  little,  die  cwk  ia  said  ta  be  of  the  iAirc^i. 
varieiif  ;  and  lastly,  when  the  atavea  are  straiaht  fixim  tlfte. 
buDgto  the  hoMt,  thecal  Udenaminated  as  b^g  of  Ifae 

After  tlwvarifl^«f  the  cask  has  been  determined,  three 
diraanwHU  ate  then  measured,  in  inchea  and  lenth^  irith 
the  greatest  accural^;  namdy,  the  Iiead  daaoaater,  the 
bung  diameter,  and  the  length.  The  cask  ia  then  reduced 
to  a  cylinder,  by  using  proper  multipliers ;  and  hence  its 
content  is  estimated  wttR  ease  end- expedition,  as  directed 
in  Probkm  IV.,  Part  V. 

tfoU.  VictuBlleis'  auks  are  alwajs  eaugal  and  ^fixej  irhek  they  are 
empty  ;  conssiuenll]',  theii  tUmensans  may  be  eadly  obtiiaed  ;  but 
wine  pip«^  rum  puncbeimg,  &e.  &a  are  generall;  fUll  of  Liquor,  when 
they  are  gauged;  and  hence  their  diciKmslons  cannot  be  oseertaitied 
with  the  Edine  ease,  accurscj;,  and  a[|>edition. 

PROBLEM  I. 

To  take  the  dmentiam  ^a  tlanding  etui,  nken  U  it  full  of 

ExaHplb. 
Let  the  fallowing  ligure  represent  a  standing  cask,  full 
of  Iiqu<K' ;  it  is  required  to  oetermine  the  head  diameter, 
dte  bong  diometev,  and  the  leaglb. : 

J. 


(s«CT.  ni.^  CA8I   GAUGIKGv  S73 

To  Jind  the  head  dxameter. 

Measure  the  distance  between  the  inside  of  the  cliimb, 
close  to  the  head^  and  the  oiitb*nipst  sloped  edge  oi  the 
opposite  staff;  and  this  w&l  .generally  be  tlie  head  cUame* 
ter,  within  the  6ask,  vei-v  nearly, 

Nate.  When  the  staves  are  very  thick,  the  distance  from  the  inside 
of  the  chimb  to  the  middle  of  the  opposite  staff  will  generally  be  equal 
to  the  internal  head  diameter;  'And  aometlmfts  the  staves  are  so  strong, 
that  it  is  only  necessary  to  include  one-third  of  the  thickness  of  the 
^xsi%  in  taking  this  dimension.  •  ki  some  cases^  holvevert  the  staves 
are  so  lender,  that  it  is  necessary  to  measure  from  the  inside  of  the 
chimb  to  the  outside  of  the  opposite  stalif',  for  the  head  diameter. 

To  Jind  t)ie  hung  diaweier. 

Lay  a  straiglit  ro^  A  B,  across  the  centre  of  the  head  ; 
and  perpendicular  to  It,  place  another  straight  rod  A  b> 
so  as  to  touch  the  bulge  of  the  cask  at  E ; .  measure  the 
distance  between  the  outer  edge  of  each  chimb,  at  m  and  n  ;  . 
also,  measufe'^lwf  which  should  be  equal  to  D  r  ;  then 
twice  A  m  added  to  9R  n,  will  give  the  bung  diameter  £  1^^ 
including  the  thickness  of  the  staff  on  each  side  of  the 
<:ask.  FrcHA  this  take  twice  the  thickness  ^t  the  staff  at 
the  bulge,  s^  nearly  as  your  judgrftcnt  dii'ects,  having  re« 
gard  to  tlie  size  'of  tlie  cask ;  and  yox^  will  obtain  the  ixN 
temal  bung  diameter. 

Or,  from  the  rod  A  B,  suspend  a  plumb-line  B  C,  by  a 
noose  or  loop  at  one  end  ;  and  slide  it  backward  and  for* 
ward,  on  'the  tod,- until  the  line  just  touches  the  bulge  of 
the  cask  at  F ;  then  twice  B^n  added  to  m  n,  will  be  the 
external  bung  diameter  E  F,  as  beforci 

Nate  1.  The  external  bung  diameter  of  a  siding  cask  may  also  be 
finfnd  by  dividing  the  cfrnimfeireiice  by  3.1416.  (See  Prob.  Xf.,  twct 
IV.  {  alsQ  Note'Ht'Pnib.  IX.  ofi  this  Section.) 

2.  llie  staves  of  casks  in  general,  are  thicker  at  the  bulge  than  at 
the  head;  London -made  casks,  however,,  have  their  staves  commonly 
much  thicker  at  the  head  than  at  the  bulge.  The  best  method  of 
forming  a  correct  jiidgm^ent,  is  to  Examine  empty  casks  of  the  same 
size  and  make,  as  those  you  are  about  to  Igftuge.  •  By  this  meefnl,  ymi 
will  come  to  tolerably  correct  conclusions  relating  to  the  dieductions 
necessary  to  be  made  for  the  thickh^  of  the  heads,  staves*,  &c.  (See 
the  next  ProbWm.>  ,         .       » 

To  Jii^  the  length 

.  If  there  be  a  hole  in  the  upper  head^  Introduce  a  rdd, 
aod  takxi  dse  external  tength,  from  which  deduct  the 

Kk 
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tbicknesB  of  the  uwer  bead  i  and  the  nanunder  will  be  th 
internal  length  of  the, cask.  1£  this  «aimot  be  done 
measure  the  extepal  length  A  D,  from  vhich  subtrac 
twice  the  depth  of  the  upper  chimb,  together  with  tlu 
fliickness  of  the  two  heads,  as  nearly  as  you  can  judge 
and  the  rtimainder  will  be  the  internal  length  of  the  cask 

PftOBLEM  II. 

Ti>  take  tft«   dimetuioHi  of  a  Ij/ing  catk,  when  it  i>  fult 
of  liquor. 


Let  the  following  figure  repretent  a  Ij^iw  cask  full  of 
liquor ;  it  is  required  to  detendlne  the  ti^ad  distneter,  the 
bwag  diameter,  and  the  length. 


To  Jind  the  head  and  bung  diametert. 
Measure  the  head  diame;teT  in  the  aanw  manner  as 
directed  for  a  standing  cask  ,■  thai  introduce  a  rod  into 
the  catk  at  E,  and  measure  the  bung  diameter  E  F,  ftxm 
Which  make  a  deducdbn  for  the  uickness  of  the  staff, 
at  Uie  bung-hole ;  and  you  will  have  the  intenial  liead  and 
bung  diameters  of  the  cask. 

To  Jind  ike  length. 

the  lenffth  may  be  most  expeditiously  fi»ini]  by  a  pair 

of  long  calUpert,  takii^  care  t6  make  proper  allowance 

fbr  the  tbicKBess  Of  the  heads  j  but  as  it  cannot  be  «• 

pectwl  that  ereiy  perwn  concened  in  8»»f'"g^  is  in  pas> 
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session  of  this  instn^HMnt^  the  length  of  a  eesk  may  be 
obtained  in  the  following  mannen  Apj^  a  strai^t  Tod, 
^  B>  to  the  bu%e  of  the  cask  ;  and  at  right  angles  to  it^ 
place  two  others,  A  D  and  B  C,,  touchixig  the  diimhs  at 
each  end^  and  making  A  m  equal  to  B  n;  then  measure 
the  distance  from  A  to  B,  wnere  the  three  rods  intersect 
esurh  other ;  from  this  subtract  the  depiQi  .of  the  chimbsji 
rogether  with  the  thickness  of  both  the  heads,  as  nearly  aa 
you  can  judge;  and  the  remainder  wiU  be  the  internal 
length  of  the  cask. 

^ote  I.  In  taking  the  dhnenmons  of  a  cask*  ffae  Gauger  cnight  care- 
fully to  observe  that  the  bung-hole  be  .in  the  middle  i  that  the  bung* 
staff  be  regular  and  even  witUn ;  and  that  the  staff  ouMsite  the  but^- 
liole  be  neither  thicker  nor  thinner  than  the  rest,  whkji  he  may  e^y  • 
ascertain  by  the  gauging  rod  ;  and  if  any  impropriety  be  discovered,  a 
IHX>per  allowance  must  be  made  for  it  in  the  dimensions. 

2.  It  is  also  necessary  to  observa  that  the  heads  of  the  cask  be  equal. 
and  truly  circular;  if  not  take  cross  diameters  of  each  head^  and  divide 
theur  sum  by  their  number  for  a  mean  dlttnetes, 

PROBLEM  III.  .     . 

To  gauge  and  fix  n  cask  of  the  first  variety^  as  frao 

tised  in  the  Excise. 

RULE  r, 

•    «     * 

Multiply  the  difference  between  the  head  and  bung 
diameters^  when  it  is  6  inches  or  less,  by  .68 ;  but  if  the 
difference  between  these  dinners  exceed  6  inches,  muU 
tiply  it  by  .70 ;  add  the  |Hroduct  to  the  head  diameter ;  and 
the  sum  will  be  the  mean  diameter  a£  the  cask.  Multiply 
the  square  of  the  tnean  diameter  by  the  length ;  divide  the 
product  by  359*05,  and  1^94.12 ;  and  the  respective  quo* 
tients  will  be  the  content  in  ale  and  wine  gallons. 

RULE  IL 

Find  the  mean  diameter  as  directed  in  the  last  Rule ; 
then  enter  the  Tables  of  Ale  and  Wine  areas,  and  take 
out  the  areas  corresponding  to  tiie  mean  diameter.  Mul* 
tiply  ihe9t  ar^as  bf  the  leng^  of  the  cask  ^  anfi  the  res- 
pective  prcxluetd  will  be  liie  content  iii  ale  and  wine  gaU^ 
Ions.  (See  Prob.  XIIL>  Fart  iV. ;  and  also  Prob.  IV.,  Part 
V,) 
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.  BY  THB  SLIDING   RULB. 

Find  t^  diffisvenee  between  the  butig  and  the  head 
diameter%  on  the  inside  of  the  ^lide  markS  C';  and:  oppo« 
site  to  it,  on  the  Hne  marked  spheroid,  is  a  namber^  -which 
being  added  to  the  head^  will  give  the  mean  diameter. 
Then,  as  the  gauge-point,  on  D,  is  to  the  length  of  the 
cask  on  C  ;  so  is  the  me^h  diameter  on  jy,  to.  &e  content 
on  C. 

'  JVofff.  Neither  of  the  fhregoing  tnethods  of  finding  a  me&9  diameter^ 
is  mathematically  correct ;  but  in  consequence  of  their  simplicity  thef 
are  generally  adopted  by  Officers  of  the  Excise. 

,  SXAMPLES. 

1.  The  lencth  of  a  cask  is  45,  the  bang  diameter  36y 
and  the  head  dlaiheter  27  inches;  what  is  its  content  in 
ale  and  wine,  gallons  ? 

BY  RULE  I. 

Bung  Diameter,, ^..,^^,        S6  inches. 
Head  Diameter, , 27  inches. 

Difference,, •...•••  9  inches, 

-  Multiplier ••• .7 

Product  ....:. da 

Head  Diameter  .*....        27.0 

Mean  Diameter 33,3  inches. 

Ditto,  a.........« ^        '33.3  inches. 

:  '    '        999 

999 
:  999 

1108.89  ^^Mam 
4:5  length, 

554445 

Divisor    S59.O5)499OO.05(1 38.977  ale  gallons. 

Also,  49900.05^294.12^169.^58^  the  conteni  in  nine 
gallons, 

BY  RULE  IL     . 

-  Here  the  mean  diameter  is  S3.3  inches;  and  having 
entered  the  Tables  of  ale  and  wine  areas,  in  Part  VIL,  toe 
Jlnd  the  areas  corresponding  fo  ^3.3  inches,  are  3.0884  ok, 
and  3.770^  wine  gallons ;  then,  8.0884x45=138.978,  the 
conterU  in  ak  goUons  ;  and  3.7702  X  45=169.659,  thecon* 
tent  in  wine  gallons. 


.,^     jy  THE  8tlOI>IO  AuiJE. 

le  difference  betwe«Ltb0  )ie«i  and  biiBg  diMneters  is 
hes ;  against  this  nmpber^  011  the  line  of  inches,  we 
6.3^  OR  ^e  line  marked  9phproid,  which  being-  added 
!,  the  ii^  dhameter,  g^ves  Sd^S  inches,  for  the 
diacieter.    Then, 

OnD.      OnC.      OaD,        OnC. 

f  18.951    .  ^  f.  «^««  .   (.139.0  ale  gallons. 
]  17.15/.  •  *^  ••  ^*-»»  •  1 169.7  fpinegalkm. 

The  bead  diameter  of  a  cask  m^ures  24.6,  the  bung 
3ter  dO;9,  and  the  length  4&7  jinchea;  wh«t  19  the 
nt  in  ale  and  wine  gal)ons  ? 
s.  The  content  is  IO9.4&)  ofe,    and  l^S^S.  tuhtc 

IS, 

The  length  of  a  cask  measures  32.5,  the  bung  dia* 

'26.2,  and  the  head  diameter  21.4  indies;  what  is 

ontent  in  ale  and  wine  gallons  ? 

s.  The  conteni  is  55.220  ale,  and  97*414  fDiTie  gaUons^ 

The  head  diameter  of  a  cask  measures  I9.6,  the  bung 

^er  23.4,  and  the  length  27*7  inches ;  required  the 

nt  in  ale  and  wine  gaUons  ? 

5.  The  content  i9  38.021  ok,  and  46.416  n^ine  gallons. 

Rehark^  * 

he  casks  given  in  the  foegoing  Examples,  be  con* 
id  as  the  middle  frustums  of  spheroids,  their  contents 
)e  obtained  by  Fcob.  XIV.,  Part  V.  The  content  of  the 
^ven  in  the  first  Exampli^  is  found  to  be  138.741 
illons,  which  differs  only  two-tenths  of  a  gaUou  from 
)ntent  faund  ixi  this  Problem^ 

PROBLEM  IV, 

«  « 

lUge  aud  Jbt  a  cask  of  the  second  varieti^  as  prac 
tised  in  the  Excise* 

RULE  I. 

Itiply  the  difference  of  the  diameters,  when  it  is  S 
5  or  less,  by  .62;  but  if  it  exceed  6  inches,  by  ,64  ; 
le  product  to  the  head  diaxaeter ;  and  ^e  sum  will  be 
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the  mean  diameter  of  the  ca^k.  Proceed  nvith  this  dia- 
meter^ as  directed  in  the  last  Problem ;  tind  you  will  obtain 
the  content  in  ale  and  wine  gallons. 

RULE  II. 

Find  the  areas  in  ale  and  wine  gallons,  which  corres* 
pond  to  the  mean  diameter ;  then  multiply  these  areas  by 
the  length  of  the  cask,  and  the  respective  products  will  be 
the  content  in  ale  and  wine  gallons. 

BY   THE  St«IDINO   RI7I«E.  • 

Pind  the  difference  of  the  diameters,  on  the  inside  of  the 
slide  marked  C ;  and  opposite  to  it,  on  the  line  marked 
2nd  Variety,  is  a  number,  which  being  added  to  the  head, 
will  givq  th^  m^an  diameter,  with  which  proceed  as  S* 
rected  in  the  last  Problem! 

EXAMPLES. 

1.  The  head  diameter  of  a  cask  is  27,'  the  bung  diame- 
ter 36,  and  the  length. 45  inches;  what  is  th^  content  in 
ale  and  wine  galleass  .^ 

BY  RULE  L 

Bung  diatneter...  86  inches. 

Head  diameter,,.  27  inches. 

Difference   ...^.  "ginckes. 

Multiplier  ••••••  .64 

86 
54 

Product:... 5.76 

Head  diameter       £7.00 

Mean  diameter      32.76  inches. 
J)Uto 32.76  inches. 

19656 
?29S^ 
•    6552 
9828  , 

,1073.2176  square. 
45  length. 

53660880 
42928704 

Divisor  359X)5)48294:7$20(134.507  ak  gallons. 
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tlso,  48294.792-r2$4.11l= 164^00,  the  content  in  nfine 
ons, 

BY  RULE  11/ 

lere  the  mean  diaiMer  32.8  inches  ;  the  areas  answering 
us  diameter,  are  2^9968  ak,  and  3.6579  nnne gallons; 
2.9965  X  45 = 1 34.8335,  the  content  in  ale  gallons  ;  and 
>79x  45=164.6055,  the  content  in  wine  ga&ms, 

BY   THE   SLIDING   RULE. 

'he  difference  between  the  head  and  bong  diameters  is 
iches ;  against  this  number  on  the  line  of  inches,  we 
5.78^  on  the  line  marked  ^nd  variety ,  which  being 
ed  to  9.7 y  the  head  diameter,  gives  32.78  inches,  the 
in  diameter.  ,  Then, 
On  D.     On  C.      On  D.       On  C. 

.  The  head  diameter  of  a  cask  is  24.6,  the  bung  dia- 
er  30.9,  and  the  length  46.7  inches ;  what  is  the  con* 
:  in  ale  and  wine  gallons  ? 

\s.  The  c&nient  m  J  06.626  ak,  and  130.165  nnne  gallons. 
.  The  length  of  a  cask  is  32,5,  tJie  bung  diameter  26.2, 
the  head  diameter  21.4  in^es ;;  what  is  the  content  in 
and  wine  gallons  ? 

Ins,    The  content  is  53.888.  ale,  and  65.786  wine  gallons. 
.  The  head  diameter,  bung  diameter,  and  length  of  a 
i  are  19.6^  23.4,  and  27-7  inches ;  required  theoontent 
le  and  wine  gaUons  ? 
ins.  The  content  is  37.339  ale,  arifl  45,583  wine  gallons. 

Remark. 

f  the  for^roing  casks  be  considered  as  the  middle  frus« 
IS  of  parabolic  spindles,  t^r  contents  may  be  obtained  by 
b.  XVI.,  Part  V.  The  opntmit  of  the  cask  given  in  th6 
;  Example,  is  found  to  be  }37.387  ale  gaUons,  which  is 
i  gallons  more  than  the  content  Ibimd  by  this  Problem. 
3  contents  found  by  this  Problem  are,  however,  very 
rly  the  same  as  the  true  contents  found  by  Problem 
;  hence  we  may  cendude,  that  the  method  given  in 
Problem  is  well  adapted  A»r  P^^actical  Gauging.  (See 
Q^'Ks  al  the  end  of  Problem  IX.) 


PROBLEM  V. 

To  gauge  and  fix  a  ce^^k  tf  th^  third  variety^  as  practised 

.  in  the  Excise* 

RULE. 

When  the  difference  of  the  diameters  is  6  inches  or  un- 
der,  multiply  it  by  .55 ;  but  if  it  exceed  6  inches,  by  .57 ; 
add  the  product  to  the  heed,  and  the  sam  will  be  the  mean 
diameter,  -with  which  proceed  as  before  directed. 

NotCi  The  content  by  the  Tables  of  ale  an4  wine  areas,  and  hy  the 
Sliding  Rule,  may  be  found  as  directed  in  the  two  last  Problems  ;  and 
as  the  3rd  and  4tii  varieties  of  caaAcs  are  not  plaeed'tin  any  of  the  slides, 
the  mean  diameter  fi>und  by  the  midtiplier,  mutt  be  used  in  casting  the 
content  by  the  Sliding  Rule. 

I$XAMPLE8. 

I.  The  length  of  a  cask  is  45,  the  bung  diameter  36, 
and  the  head  diameter  27  inchts ;  jreqjtiired  the  cokiCem  in 
die  and  wine  gallona? 


BY  THE  PEW. 

Bung  diameter,.. 
Head  diameter,^ 

* 

36  inchest 

w 

?7  inches. 

Difference  

Multiplier   • 

9  inches* 
.07 

45 

Product,,,*^,*, 
Head  diameter' 

5.13 
27.00  • 

Mean  diameter 

Dim.^.. 

'S2.1S  hiches^ 

9659 
3213 
6426 
§639 


•  ^  ,       •       1032.5369  square, 

7iH6845     '     '. 
4^293476  .    . 

Divim  359*05)46455.1605(129*383  ale  gulkms. 
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Also,  46455.l605-r294.12=:157.946,  the  content  in  wine 

BY  THE   TABIj:S   OF  ALE  AND  WINE  AREAS. 

The  areas  afisfvering  to  the  mean  diameter  32.1  inches^ 
are  2.8698  ale,  and  3.503^  mnesailofis;  then  2,S69S  x  ^5 
=:J29.14I,  the  content  in  alefrtUlont;  amf  3.5084x45=: 
U7.60S,  the  content  in  wine  gallons. 


BY   THB    SLIDING  EULfi. 


117.15;  • 


QnD.    OnC.     On  D,         On  C. 

A^j  ••  ^9  1^  .  ^  129.4!  ale  gallons. 
^  ..  JS5.13  .  |;i58  0  wine  gallons, 

2.  The  head  diameter  of  a  cask  is  24.6,  the  bung  dia^ 
met  30.9,  and  the  length  46.7  inches  ;  what  is  the  con- 
tent ip  ale  and  wine  gallons  ? 

Ans.  The  content  is  103.367  ale,  and  126.166  wmegaUons. 

3.  The  head  diameter,  bung  diameter,  and  length  of  a 
cask>  are  21.4,  26.2,  and  82.5  inches ;  required  the  con- 
tent m  ale  arid  wine  gallons. 

Ann,  The  content  19  52.136  a,le,  and  68.648  winegaUons. 

4.  The  length  of  a  cask  is  27-7,  the  bung  diameter  23.4, 
and  the  head  diameter  19.6  inches ;  what  is  the  content  in 
ale  and  wine  gallons  ?     , 

Ans.  The  content  is  36.32B  ale,  and  44.347  wine  gaUons. 

Revark. 

If  the  foregoing  caaks  be  supposed  to  be  formed  by  the 
irustums  of  equal  paraboloids  joined  together  at  their 
greater  ends,  their  contents  may  be  obtained  by  Prob.  XVIIl. 
Part  V.  The  content  of  the  cask  in  the  first  Example,  is 
found  to  be  126.897  ale  g^ons,  which  is  2,486  gallons 
'ess  than  the  content  found  in  this  Problem. 
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PROBLEM  VI. 

To  gauge  and  fix  a  cask  of  the  fourth  variety ^  as  prao 

ii9ed  in  the  Exciee. 

RULE- 

If  the  differenoe  of  the  cliameters  be  6  inches  or  less, 
multiply  it  by  .50 ;  but  if  ffreater  than  6  inches^  by  .52 ; 
add  the  product  to  the  heac^  and  the  sum  will  be  the  mean 
diameter^  with  whidi  proceed  as  before  directed. 

Note.  The  content  by  the  tables  of  ale  apd  wine  areas,  and  by  the 
aUding  rule,  mayl)e  determined  aa  in  the  last  Problem* 

CXAMPIfES. 

.  1.  What  is  the  content  of  a  cask>  in  ale  and  wine  gal^* 
lonsy  the  head  diameter  of  whidi  measures  27^  bung'  dia- 
meter Z6,  and  length  45  inches  ? 

BY  THB  PEI(. 

Bung  diameter. ••        S6  inches* 
Head  diameter*..        27  inches. 

JHfferenoe TincAef, 

MidtipUer    • 52 

1ft 
45 

Product 4.68    - 

Head  diameter       27.00 

Mean  diajnder       51.68  inches. 
,     Ditto SI  M  inches. 

'    25344 

19008 

3168 
9504 

1003.6224  square. 
45  length. 

50181120 
40144896 

Divisor  359.05)45163.0080(125.784  die  gallons. 
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Alio,  45l6d.0080-^29^.12=:153.552,  the  conient  in  mm 

gallons, 

BY  TKTE  TABtES  OF  ALfi  AND  WINE  AREAS. 

The  areas  answering  to  the  mean  diameter  51.7  inches,  are 
2.7987  aky  and  SA\6&  fvine  gallons  i  then  i.79S7  X  ^5^ 
125941^,  ihecottteni  in  ok  gallons^'  and  3Al66x^5zs 
I5S.747>  the  content  in  wine  gallons* 

BY  TMS  atllMNG  RUiS. 

On  Dw    On  Ci     CM  D.  On  C. 

2.  The  head  diameter,  bun^  diameter,  and  length  of  ^ 
cask  are  ^4.6,  SO.g,  and  46.t  mches  respectively  i  what  is 
tbe  content  in  ale  and  wine  gallons  ? 

Ans.  The  conteiU  is  107.070  ale,  and  185.582  wine 
gallons^ 

3.  The  length  of  a  CMk  is  3i.i,  the  bttn|^  diameter26.2^ 
and  the  head  diameter  S1.4  inches  ;  what  iS  the  contentin 
ale  and  wine  gallons  ? 

Ans,  The  content  is  51  A6^  ale,  and  6^.591  wine  gallons* 

4.  What  is  the  content  Of  a  cask,  in  ale  and  wine  gaU 
Ions,  the  head  diameter  of  which  measures  I9.6,  the  bung 
diameter  S5.4,  and  the  length  27.7  inches  ? 

Ans.  The  cohtent  is  B5,66l  ale,  and  45.556  wine  gallons. 

RfiitAktt. 

If  the  casks  in  the  fbregmng  Examples  be  considered  as 
formed  by  tbe  frustums  of  et|ual  cones,  joined  together  at 
tfadr  greater  ends,  their  contents  may  be  obtained  by  Prob* 
VIII.,  Part  V.  The  conient  of  the  cask  given  in  tne  first 
Example,  is  found  to  be  125.205  ale  gallons,  which  differs 
only  .579  of  a  gallon^  from  the  content  found  by  this 
Problem.  . 

Combinatic/^  of  the  Ital^  given  in  the  jour  last  Problems. 

As  it  is  mote  convenient,  in  Practice,  to  have  all  the. 
Rules  placed  under  t^e  eye  at  once;  than  to  consult  di(^ 
fereltit  Problems  for  them,  they  are«»hibited  on  tfie  follow* 
ing  page^  in  as  concitte  a  nannet  as  f^ossible. 
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The  side  which  containii  the  line  of  inches  and  tenths, 
also  contains  a  line  of  circular  ale  areas,  which  shews  the 
area  of  the  base  of  any  cylindrical  vessel,  when  the  ftiile  is 
applied  to  its  diameter ;  hence,  the  content  may  be  found 
by  multiplying  this  area  by  the  depth  of  the  vesseL 

The  other  two  fiioes  of  the  Rule  contain  the  same  lines 
that  are  on  tlie  Sliding  Rule  described  in  Part  II.  By  un« 
folcting  Brannan's  Rule  to  24  inches  in  length,  and  placing 
the  two  parts  Imck  to  bade,  it  will  perfoifm  tlie  prindpa] 
offices  of  the  Sliding  Rule;  namely,,  those  of  finding  the 
areas  and  contents  of  vessels,  in  ale  and  wine  gallons,  and 
malt  bushels ;  the  contents  and  ulWes  of  casks,  &c.  This 
property  of  Brannan's  Rule  fanna  Uie  chief  d^tenoe  be- 
tween it  and  the  Diagonal  Bod  before  described. 

This  rule  is  also  a  branch  of  the  dimension  cane,  noticed 
in  Prob.  I-,  Part  VI. 

To  find  the  content  of  a  cask  by  the  Diagonal  Rod, 

RULE. 

Put  the  Diagonal  Rod  into  the  bung-hole  of  the  cask^  in 
such  a  manner  that  the  extremity  of  Uie  rod  may  meet  the 
head  where  it  intersects  the  opposite  side  of  the  cask ;  and 
the  content  will  be  exhibited  m  ale  gallons  on  one  dia^nal 
line,  and  in  wine  gallons  on  the  other ;  reckcming  fiom  the 
end  of  the  rod  to  the  centre  of  the  bung-hole. 

Notc>  As  the  bung-holes  of  casks  are  not  always  in  the  middle,  it  i:^ 
most  correct  to  take  both  the  diagonals  in  inehes  and  tenths ;  and  the 
content  corresponding  to  the  mean  diagonali  will  be  the  true  content  of 
the  cask,  by  the  Diagonal  Rod. 

BY  THE  SLIDING  RULK. 

A8  2i,£onD,  is  to  the  diagonal  on  C;  so  is  the  diagonal 
on  D,  to  the  content  in  ale  gallons  on  C.     Or, 

As  19.2  on  D^  is  to  the  di^onal  on  C ;  so  is  the  diagonal 
on  D,  to  the  content  in  wine  gal]<^  on  C. 

Note  I.  Those  who  have  neither  a  Diagonal  Rod  nor  a  Slidii^  Buir, 
aay  nevertheless  find  the  content  of  a  cask  in  the  following  manner :— > 
Af  easure  the  diagonal  of  the  cask  in  inches  and  tenths ;  then  mulHpiy 
the  cube  of  this  diagonal  hy  M222S,  and  .00872  respectiveljr;  and 
the  products  will  be  the  content  in  ale  and  wine  gaUons. 

2.  When  the  diameters  and  leiigth  of «  cask  are  given,  its  diagonal 
may  be  found  by  Prob.  VI. ;  and  when  the  diagonal  and  diameten  arc 
given,  its  length  may  be  determined  by  Prpb,  VII.,  Part  1. 
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&ZAMPLES. 

1.  The  4ui|f  onal  of  the  caik  given  in  the  first  Example 
in  the  foregmng  Problems,  is  38.7  inches;  required  die 
content  of  m  cask  in  ale  and  wine  gallons. 

BY  THE  piAOOVAL  ROD. 

Opposite  to  S8.7  inches,  the  ttiven  diagonal,  me  find  129.8 
aiegaOons,  and  1'58.S  mine  gmknt,  the  contents  required. 

BY  THE  SLIDING  RULE. 

OnD.    On&    OnD.     On  C. 
Il9,2|  •  38.7  ..  38.7  .  jj5g2  ^^i^e gallons. 

By  Note  u 

Here  S8.7  X  38.7  X  S8.7=1497.e9x  38.7  =  57960.603, 
the  cube  of  the  diagonal;  then  57960.603  x  .002228  s 
129.13622!3484,  the  content  in  ale  gallons  ;  and  57960.603 
X  .00272  s  157.65284016,  the  content  in  mine  gallons. 

2.  The  diagonal  of  the  cask  given  in  the  second  Ex* 
ample,  is  36.2  inches;  what  is  tte  content  in  ale.  and  wine 
galtons? 

Ans.  The  content  is  106.0  ale,  and  129<2  mine  gallons. 

3.  Tfiediiu^onalof  the  cask  given  in  the  third  Example, 
measures  28.6  inches ;  what  ia  the  content  in  ale  and  wine 
gaUcms? 

Ans.  The  content  is  52S  ale,  and  63.8  mine  gallons. 

4.  The  diagonal  of  the  cask  given  in  the  fourth  £x-> 
ample,  meaaiures  25.5  inches ;  required  the  content  in  ale 
ind  wine  gallons  ? 

Ans*    The  content  is  37*0  ale,  and  45.1  mine  gallons. 

RCMAJIK. 

If  the  diagonid  lines  be  applied  to  the  head  diameter  of 
i  regular  made  cask,  they  will  senendljr  express  nearly 
laJf  the  content  of  the  cask,  in  ate  and  wiiie  gallons ;  but 
r  the  cask  be  remarkably  1<nu%  and  the  head  diameter 
mXi  in  proportion  to  the  lei^gm,  as  in  most  wine  casks, 
bis  method  gives  the  omtent  a  great  deal  too  little.  For 
xample,  the  diagonal  of  a  wine  cask  is  37  indies,  amse- 
uenUy,  its  oonttat  by  the  Diagonal  Rod,  is  139  wine  gal* 
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Ions.  The  head  diameter  of  the  same  &ak,  is  M  indies; 
and  twice  the  content  answering  to  thid^  jgjn  ^  IKa|joiial 
Rod^  is  only  75  wine  gallons ;  whii&  itf  1^  ^J^^  by 
64  wine  gafiom. 

PROBLEM  VIII. 

Tojind  the  oottUtds  ^  aukt  in^  g/tneral^  Jirmi^ihA  hood 
diameter,  mng  diameter,  and  length, 

RULEL 

Add  into  onessxm^  59  tfaica  die  iqilaieof  tbediiing 
duuneter^  25  times  the  square  of  the  head  diameCer^  and 
26  times  the  product  •£  those  diameeers;.  multmly  this 
sum  by  the  length  of  the  cask»  and  the  pcomict  by 
.00034 ;  then  divide  the  last  product  by  li  and  9  respec- 
tivdy ;  and  the  two  quotients  will  be  die  content  of  the 
cade  in  ale  and  wine  gdlons.  - 

Not€.  Th]»ral«  fa takm 60m, Dr. Huttotfs wctilcnt K Hhwiiminl 
and  Philosopbical  Dictionaiy,  Voir  I„  Page  578.  It  gives  Che  oqo> 
tents  of  cask*  leBB  than  the  Rule,  fat  the  WbcasA  vaiietf,  and  man  than 
that  for  the  third,  behig  nearly  in  the  midcUe  between  tfaem  \  bat  the 
Dr.  shMTvee  that,  '•  it  iv^ees  well  with  the  leri  eonlBblB  of  «uks  in 
general ;  aa  hath  been  proved  by  several  caaka  which  have  acttiaUy  been 
Slled  with  a  true  gallon  measure,  after  their  contents  had  been  eom- 
puted  by  this  method.** 

RULE  II. 

Divide  the  head  diameler  by  the  bong  diameter,  to 
two  places  of  deeimak>  and  find  the  qfaotient  in  the  fint 
column  of  the  foUbwing  Table^  agamst  whidi  we  h«ve 
two  muhii^iers,  one  for  ale>  and  another  fat  wine;  these 
being  respectively  multiplied  by  the  square  of  the  bung 
diameter,  and  the  product  dienoe  arising  by  the  length  « 
the  cask  will  give  the  oontent  hi  «le.ana  wine  giUonk 

Nm  1.  If  tbe  qooHent  of  the  head  by  the^  bungf  dfaoMter  do  not 
terminate  hi  two  piaoss  «f  tgnres,  without^  'fbdipiwil  naHdndBr*  W 
the  multiplier  answeniv  to  the  first  two  dedmalaof  the  qiMtienI,  and 
subtract  it  from  the  next  greater  multiplier  i  then  if  the  remainder  be 
multiplied  by  the  fractional  part  of  the  quotient,  the  podoet  will  be 
the  corresponding  proportional  part  to  be  added  to  the  first  tmihlpUer. 

2.  This  method  ought  always  to  be  used  whan  tfie  ftaetioaBi  re- 
mahidcr  is  gnat,  or  whfti  amnacy  is  reqpiirads  hat  as  It  is  aamednes 
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atteoMivitliconidcKabtotnNiUtt  In  multiplylQg  theteMbr  remain- 
der, bj  die  numerator  of  the  ftactknit  and  then  dividing  the  product  by 
the  denominator,  the  work  may  he  mudi  Abridged  in  the  fbllowing 
manner;  When  the  nmnerator  la  nearlff  Mjoal  to  one-lbnrth,  on^half, 
or  three-fourths  of  the  denominator,  take  |«  it  or  }  of  the  tabukr  r»> 
nainder,  and  add  it  to  the  miilti|ilier  correapooding  to  the  firat-two 
dacimals  of  the<^piotient ;  and  uae  the  aum  ibr  the  multiplier  required. 

3.  This  rale  givea  tiie  eontent  very  neariy  the  aame  aa  Rule  I. ;  and 
will  be  fixmd  mudi  easier  in  Pracdoe,  aa  it  generaOy  requires  iiewer 
igam  in  the  opention  ;  partieularly  when  the  ftaetional  remainder  is 
rejected. 

BY  THE   8UDI1IO  RULE. 

Divide  the  head  by  the  bung  diameter,  as  before  di- 
rected, and  find  the  gauge-points  opposite  to  the  quo- 
tieot  j  then,  as  the  gaug^pomt  on  D,  is  to  the  length  of 
cask  on  C ;  so  is  the  bimg  diameter  on  D,  to  the  content 
ofthecai&on  C 

Note.  This  method  of  8n£ng  the  content  of  a  eaak  by  the  SGdin^^ 
Rale,  is  temarkably  easy  and  expeditious. 


A  TABLE  OF  MULTIPLIERS,  &c. 

the    haad 
theUing. 

ALtiQALLONS. 

WII^S  GALLONS. 

Mtdttpnert. 

Gauge 
PtnuU, 

MtdtipRen. 

Gauge 

Poind, 

.50 
.51 
.52 
.53 
.54 
.55 
.56 

.57 
.58 

.59 
.§0 

.61 
.6S 
.63 
.($4 
.65 
.66 

.0018026 
.0018184 
.0018345 
.0018507 
.0018670 
.0018835 
.0019001 
.0019170 
.0019837 
.0019509 
.0019681 

.0019355 
.00S0031 

.0020207 
.0020386 

.0020567 
.0020932 

23.55 
23.45 
23.35 
23.24 
23.14 
23.04 
22.94 
22.84 
22.74 
22.64 
22.54 
22.45 
22.35 
22.25 
22.15 
22.05 
21.96  ' 

.0022006 

.0022199 
.0022395 
.0022592 

.0022791 
.0022992 
.0023196 
.0023401 
.0023608 
.0023^17 
.0024027 
.0024839 
.0024454 
.0024670 
.0024888 
.0025108 
.0025330 

21.31 

21.22 

21.13 

21.04 

20.95 

20.85 

20.76 

20.67 

20.57 

20.48 

20.39 

2a30 

20.21 

20.13 

20.04 

19.95. 

19.87 

1.13. 
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TABLE  CONTINUED- 


Quotient  qf 
the  head 
dixfided  by 
the  bung. 


ALU  GALLONS. 


.67 
.68 

•70 

.71 

.72 
.73 
.74 
.75 
.76 

.77 
.78 

.79 
.80 
.81 
.82 
.83 
.84 
•85 
.86 

.87 
.88 

.89 
.90 

.91 
.92 
.93 

.94 
S5 
.96 
.97 
.98 

•99 
1.00 


Mutiij^t, 


Gauge 
Pohtit. 


.0020750 
X)0211l6 
.0021303 

.0021491 
.0021680 

.0021871 
.0022064 
.0022258 
.0022454 
.0022651 
.0022850 
.0023050 
.0023253 

.0023457 
.0023660 

.0023867 
.0024075 
.0024285 
.0024496 
.0024710 
.0024923 
.0025140 
.0025357 
.0025576 

.0025796 
.0026019 
.0026242 

.0026467 
.002669s 
.0026922 
.0027152 
.0027384 
.0027616 
.0027851 


21.8^ 
21.76 
21.66 
21.56 
21.47 
21.37 
21.28 
21.18 
21.09 
21.01 
20.92 
20.83 
20.74 
20.65 
20.56 

20.47 
20.38 

20.29 
20.20 
20.12 
20.03 
19.95 
19.86 

19.77 
19.68 
19>60 
19^52 
19.44 
19.36 
19.27 
19.1 8 
19.10 
19.02 
I8.95 
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Gauge 
PohUs. 


.0025553 
.0025780 
.0026007 
J00&62S7 
.0026468 
.0026701 
.0026936 
.0027173 
.0027412 
.0027653 
.0027896 
.0028141 

.0028387 
.0028635 
.0028885 

.0029137 
.0029392 

.0029647 
.0029905 
.0030165 
.0030426 
.0030690 
•0030955 
•0031223 
.0031493 
.0031763 
.0038036 
•0038311 
.0038588 
.0038867 
.0033147 
.0033428 
.0033713 
.0034000 


9-78 

9^69 
9.6O 
9.51 
9^43 
9-35 
9*26 
9*18 

909 
9-01 

8.93 
8.85 
8.77 

8.69 
8.61 

8.53 
844 
8^6 
8.28 
8-20 
8.13 
8.05 
7.97 
7-89 
7.8I 
7.74 
7.67 

7.59 
7.51 

7*44 
7.87 
730 
7.22 
7.15 
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SXAMPLXa. 

1.  The  length  of  a  cask  is  4^,  the  bang  diameter  S6j 
and  the  head  diameter  S7  mchee;  what  is  it«  content  in 
ale  and  wine  gallons  ? 

BY  RULE  J, 

Here  36  x  36  X  39  =  1296  X  39  =  50544,  thirty-mn^ 

limes  the  square  of  the  hung  diameter  ;  27  X  27  X  25  =  729 

X25  =  18225>   twentif^ve  times  the  square  of  the  head 

diameter  ;  and  36  X  27  X  26  =972  X  26  =  25272,  twenty^ 

six  times  the  product  of  the  diameters;  then  (50544  +  18225 

+  25272)  X  45^.00034  =  94041  X45X.00034  =  4231 845x 

1438.8273 
.00084  =   1433.8273;    kenee —^=130,8024,  the 

content  in  ah  gaUons  ;  and ^ =159, 8697,  the  con-^ 

tent  in  wine  gaUons, 

BY  RULE  IL 

27 
Here  -^  =?  ,75,  the  quotient  of  the  head  divided  hy  the 
3o 

hune  diameter.     Opposite  to  this,  in  the  Table  of  multipliers, 

we  have  J00i^^54fjor  ale,  and  .0027412  Jbr  wine  gallons  / 

then  .0022454  X  1296x45=2.9100384  X  45=:1 30-95 1728, 

the  content  in  ale  gallons ;  and  ,0027412x1296x45=? 

8,5525952  X  45=159.866784,  the  content  in  mne  gallons. 

BY  TH£  SUDINO  RULE. 

The  gauge-^nts  opposite  \1 5,  in  the  TMe,  are  21.09 
ond  19.09,  Jor  ale  and  rvine  gallons  ;  then, 
OnD.    OnC.     On  D.    On  C, 
.J  21.09?   .45  .,  o(t  .- i  131.0  ak  gaBons. 
(I9.O9J  •**>••  ^«  •    1159^  fvine  gallons. 

2.  The  head  diameter,  bung  diameter,  and  length  oS 
a  cask,  are  24.6,  30.9,  and  46,7  inches  respectively  ;  what 
is  the  content  in  ale  and  wine  gallons  ? 

Ans.  The  content  is  104.1107  ale,  and  127-2537  wine 
gallons* 
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3.  The  lowth  of  s  Mak  i*  S8.5,  the  bun;  < 
26.2,  and  the  head  diameter  SI .« indMB ;  what  i*  tbe  con- 
tent in  ale  and  wine  gallons? 

Jtu.    Tke  amimt  it  5S.O961  ak,     and   64.8319  vou 
.  geJbm*. 

4.  What  is  the  content  of  a  cade,  m  ale  and  irine 
gallons,  the  head  diameter  of  which  meamres  19-6,  the 
bung  dumeter  S3.4,  and  the  length  27-7  inches  ? 

Ant.  The  content  it  36.^536  ale,  and  44.8697  minf 
gaUom, 

PROBLEM  IX. 

To  find  the  true  content  of  any  eatk  without  paging  regard 
to  ita  variety^  by  meant  ^  four  diwttTuiont  ;  namely, 
theleHglh,  the  bung  and  haid  diametera,  and  tke  di- 
ameter tn  tke  midMey  bHween  the  hung  and  head. 

To  Jmd  Ike  mddU  tUameter. 


Meanire  the  head  diameter,  bung  diameter,  and  length 
of  the  cask,  as  directed  in  the  first  and  eecond  Problwn*. 
Set  (^one-fourth  of  the  internal  length  of  the  cask  both 
wsTB,  from  the  middle  of  the  bulge  at  C>  to  11  and  r. 

Lay  a  str^ht  rod  horizontally  upon  the  cask,  so  « to 
touch  the  bulge  at  C,  and  in  such  a  manner  that  the 
distance  A  *,  of  the  rod  frora  the  diimb,  may  be  as  ncarty 
equal  to  the  distance  B  x  as  possible.  iMeature  the  two 
distances  tn  s  and  m  r  ;  and  subtract  their  sum  from  the 
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ibtmil  1)«i(f  dlmecer^  and  tile  ranainder  will  be  the 
intw^dioiQsdter  veqnlr^. 

Note},  When  the  rod  A  B,  is  not  tnify  horizontal,  m  »  win  not  be 
equal  tam  r  ;  the  tndt  however  wUl  be  rectified  by  uking  their  sum 
^nm  the  internal  bung  diameter.  MThen  twice  m  n  is  taken  from  the 
bt»g  diametei;«  instead  of  f»  i|  -f  m  r,  the  eiror  may  be  very  con- 
sid^iab^,  if  gr«tt  care  be  not  taken  to  have  the  rod  AB  pnaUel  to  the 
horizon,  or  more  properly  speaklngi  to  the  axis  of  flie  cask. 

^..Ittbeea^c  be  standing  on  iishead*  as  in  the  first  Fioblemt  set 
oifone-fouith  of  the  internal  length,  both  ways  from  £  towarcU  the 
ends  of  the  cask ;  and  place  the  rod  A  D  perpendiculiur,  so  that  A  m 
nuy  be  equal  to  D  r  ;  then  measure  the  distances  betw^n  the  rod  A  D 
and  the  two  points  made  by  ^siting  off  one>lburth  of  the  caA*s  length  ; 
and  subtract  their  sum  from  the  internal  bung  diameter;  and  you  will 
obtain  the  internal  middle  diameter  of  the  cask. 

3.  The  extenud  bung,  middle,  or  any  other  diameter  of  a  cask,-  may 
be  ftnind  to  a  considerable  degree  of  accuracy,  by  dividing  tlie  eixcuro- 
ferenoe  of  the  cask,  by^.l4ie.  Then  if  twice  the  thickseBsof  the 
steff  be  subtracted  from  the  4motieat,  the  remainder  will  be  the  internal 
diameter  of  the  cask,  at  that  place  where  the  circumference  is  mea> 
sored.  Thus  we  have  an  easy,  practical,  and  mathematical  method 
of  finding  any  diameter  of  a  cask  5  care,  however,  must  be  taken  to 
UKasure  the  drcumfbreaoe^  and  ascertain  the  thickness  of  the  staves 
with  the  greatest  accuracy.  The  latter  may  be  perfbrmed  by  boring 
them  thfoiqrh  by  an  instriument  adapted  fbr  that  purpose,  caUed  a 
"  Wood-Guage.'»    (See  Ptoh.  SX,  Pwt  IV.> 

RSMAfltC. 

Several  writers  on  Gaugiiv;  have  committed  most  egre- 
gious blunders  in  directing  their  Readers  to  deduct  twice 
mn  plus  twice  the  thickness  of  the  staffs  &om  the  internal 
bung  diameter,  in  order  to  obtain  the  internal  middle  di- 
ameter. If  twice  m  It  be  Ulsm  from  the  external  bung 
diameter,  it  ia  manifest  that  the  remainder  will  be  tJ& 
external  middle  diameter ;  hence,  it  is  evident  that  twice 
m  n  plus  twice  the  thickness  of  the  stajF  ought  to  be  takei^ 
from  the  external,  not  the  nUemal  bung  diameter,  in  ord^ 
to  obtain  the  internal  middle  diameter, 

To  find  the  content* 

RULE  I, 

To'foor  times  the  square  of  the  middle  diameter,  add 
the  sum  of  the  squares  of  the  bung  and  head  diameters  ji 
multiply  the  si^ra  thus  obtained  by  the  length ;  divide 
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the  product  by  2154.^>  and  176^72,  and  the  reispeclive 
quotients  will  be  the  content  of  the  cask^  in  ale  and  wine 
gallons.    (See  Prob.  XIX.,  Part  V.J 

RULE  11. 

To  four  times  the  area  corresponding  to  the  middle 
diameter,  add  the  areas  corresponding  to  the  bung  and 
head  diameters ;  multiply  the  sum  by  the  lei]|^h  ;  and 
one*sixth  of  the  product  will  be  the  content  in  ale  or  wine 
gallons,  according  to  the  denomination  of  the  areas* 

Note  1.  The  aieas  may  be  found  either  by  Prob.  XIII.,  Part  IV. ; 
or  by  the  Tables  of  ale  and  wine  areas.  Part  VII. 

&  If  the  content  of  a  cask,  or  any  other  vessel,  in  ale  gallons,  be 
multi{4ied  by  II,  and'the  product  divided  by  9,  the  quotient  will  be  the 
content  in  wine  gallons,  nearly ;  and  vice  versa,  (See  the  first  Rule  in 
the  last  ProUem.) 

3.  The  Rules  given  in  this  Problem  are  the  same,  in  substance,  as  that 
given  in  Problem  IX.,  Part  V.    (See  the  Scholium  to  that  Problem.) 

BY  THE  SLiniNO  RULG. 

Set  the  length  on  C,  to  46.4  fi>r  ale,  and  42.0  for  wine, 
on  D ;  and  find  the  hesul^^  bang,  and  middle  diameters  on 
D,  noting  the  three  numbei^  opposite  to  them  cm  C ;  then 
the  sum  of  the  first  and  second,  added  to  4  times,  the thirdi 
will  give  the  omtent  in  ale  or  wine  gallons* 

EXAMPLES. 

L  The  head  diameter  of  a  cask  is  27,  the  middle  dia- 
meter 33,  the  bung  diameter  36,  and  the  length  45  inches; 
what  is  the  content  in  ale  and  wine  gallons? 

BY  RULE  I. 

Here  33  x  33  x  4  ss  1089  X  4  =  4356,  four  Hma 
ikttquare  of  the  middle  diameter;  and  36*  +  27*  =  1S96 
4-  729  =  2025,  the  sum  qfihe  squares  of  the  hung  and  head 
diameters;  then  (4356  +  2025)  x  45  r:  &81  x  45 
as  287145 ;  mi^  287145  «-  2154.3  =  133.289>  the  amietU 
in  ale  gallons;  also,  287145  -»-  1764.72  =5  162.714,  thi 
conient  in  wine  gallms. 
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BY  RULE  II. 

Ale  Meature. 

Inches.      Area.  Areas. 

Middle  diameter  33. 3.0530  x  4  =  12.1320 

Bung  diameter 36 area  =:  3.6095 

HaSdiameter 27 area  =  2.0303 

Sum  qf  ihe  areas * 17.7713 

MuU^  by  the  length..^. ^ 45 

888590 
710872 

Jiiinde  hy  .........^ Q799»7310 

Cmfent  hi  ale  gallons 133.2885 

By  Nate  Zy  muUiply  by H 

jymdehy 9)1466.1735 

Content  in  wi^ie  gallons I62.9O8I 

Wine  Measure. 

Inches.       Area.  Areas. 

Middle  diamet^ S3 3.7026x4  =  14.8104 

Bung  diameter 36 area   2=     4.4064 

Head  diameter 27 area    =:     2.4786 

Sum  of  the  areas' 21.6954 

Multiply  by  the  length 45 

1084770 
8678I6 

Divide  by 6)976.2930 

Content  in  wine  gallons 162.7155 

By  Note  2,  multiply  by    .....V. 9 

Divide  by 11)1464.4395 

Content  in  ale  gallons -••••  133.1308 
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OnC. 

As  45 


un  U.      Un  U.  Un 

(27-01       |I5,J 

46.* : :  <  36.0  Y  :  -{ 87.1 

tSS.OJ       122.' 


OnC. 

As  45 


42 


(27.0)       (18.5 =    18. 

.0  ::  <  36,0  V  :  J  33.1 =  33. 

\33.0)        (27.8  X  4=  111. 
Content  in  wine  gallons. 


BY  TQE  SLJDiNG  RULE. 

'Ale  Measltre, 
OnD.      OnD.  OnC.       Ale  Gal. 

.2 =s  15.2 

.1 =  27.1 

.7X4  =  90.8 

Content  in  ale  gtdUms >133.1  9unu 

Wine  Measure* 
On  D.      On  D.        On  C.       Wine  OaL 

5 
.1 
2 

162.8  sum. 

2.  The  lenffth  of  a  cask  is  46.7>  the  bonff  diameter  30.9, 
the  middle  diameter  29.O,  and  the  head  diameter  24.6 
inches ;  what  is  the  content  in  ale  and  wine  gallons  ? 

Ans.  The  content  is  106.739  ale  gallons,  and  1 30.503 

mne  gallons. 

3.  The  head  diameter  of  a  cask  is  21.4^  the  middle  dia« 
meter  24.8,  the  bung  diameter  26.2,  and  the  length  32.5 
inches ;  what  is  the  content  in  ale  and  wine  gallons  ? 

Ans,  The  cotitent  is  54.378  ok,  and  66.383  tvine  gallons. 

4.  The  lenffth  of  a  cask  is  27.7«  the  bung  diameter  23.4, 
the  middle  diameter  22. 1>  and  the  head  diameter  I9.6 
inches  ;  what  is  the  content  in  ale  and  wine  gallons  ? 

Atis.  The  content  is  37.098  ale,  and  45.290  tvine  gaOons. 

A  Table^  shewing  the  Contents  of  Casks^  in  Ale  Gallons^ 
as  found  in  the  foregoing  Problems. 


■3. 

1 

1 

pK>b.IU. 

Prob.1V. 

ProB.  V. 

Prob.VI. 

ProbVII 

Prob.Vin 

Prob.  IX. 

1st  Var. 

«nd  Var. 

3rd  Var. 

4th  Var. 

Dia.Rod. 

G«n.  Btile. 

True  Rule 

138,97 

134.50 

129.38 

125.78 

I29.8O 

130.80 

133.28 

2 

109.46 

• 

106.62 

103.36 

101.07 

106.00 

104.11 

106.7s 

3 

55.22 

53.88 

52.13 

51.26 

52.20 

53.09 

54.37 

4 

38.02 

37.33 

36.32 

35.66 

37.00 

36.75 

87.09 

f 
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Ko^  Bt|itci4tijiftninltit  Ittivjiabif  EiteptotbecoOfiaerMas 
tiie  middle  fnutumsof  iplieroidSt  the  tnif  coatent  of  the  lint,  fouad  by 
Problsm  XIV.,  Part  V.,  Js  1S8.741 ;  of  the  second,  109.028  ;  of  the 
tIMf  55.?40 ;  and  of  the  fourth,  38.041  ale  ^allbna ;  which  conteots  veiy 
mAj  i^gree  widi  those  found  by  Piobleiii  111.,  of  this  Section.  If  the 
cttks  becoorideml  m  the  middle  fruataans  of  {MraboUc  qiiiidles,  the 
tnieoootent  of  the  6r8t,  found  by  Probiem  XVI,,  Fait  y.»  ia  137^7 ; 
cf  the  aecood,  t0&340  ;  of  the  third,  54962 ;  and  of  the  fourtt), 
37.892  ale  gallons ;  which  contents  do  not  differ  much  from  those  found 
bj  Probiem  III.,  and  considerably  exceed  tiiose  found  by  Problem  JV., 
of  thJB  Section. 


REMARKS^ 
COMPARISONS,  AND  OBSERVATIONS 

OK 

CASE   GAUGING. 


ft 

By  examfnifig  the  foregoing  TiibXe,  a(nd  comparing  the 
contents  in  the  different  columns  with  eadi  other^  we 
readify-  perceive  that  ^e  contents  found  by  Problem  III., 
exceed  those  found  by .  any  of  the  other  Problems ;  thaft 
those  obtained  by  Problems  IV.,  and  IX,,  are  nearly  equal 
to  each  other;  that  those  given  by  IVoblems  V.,  and  VI.-, 
are  less  than  those  ^ven  1^  any  of  the  other  Problems ; 
and  that  those  fbftnd  in  Problems  VII.,  and  VIIL,  by  the 
diagond  rod,  and  by  Dr.  Hutlon's  general  rule,  are  neibrly 
the  vame ;  bcrt  both  less  than  'those  giten  by  PucMems 
IV.,  and  IX.  \ 

Now,  as  the  casks  in  the  foregoing  Problems,  were 
gauged  under  very  advantageous  circumstances;  each  casjk 
having  one  head  ml,  which  enabled  us  to  take  all  the  ivi' 
ternal  dimensions  witii  the  utmost  accuracy ;  and  a^  the 
oK^od  given  in  Problem  IX.,  is  mmlhemnticaUy  corwot^ 
for  all  kinds  of  casks  ^  we  are  inclined  to  conclude,  "fironi 
these  and  other  premistss  obtained  by  experiment,  observa- 
tion, and  comparison,  that  very  few  Casks  will  contain  so 
much  as  the  second  variety,  conaidered  as  the^awldle  fhis- 
turn  of  a  parabolic  qpindle. 

M  m 
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We  flho  ooindde  in  opinkm  witli  Ifr.  WmA^  llr.  Ton 
Iter,  Mr.  Fletcher,  Dr.  Huttoii,  and  txxaxt^  dliier  eminat 
Gau|[er8  and  Mathematiciatis,  that  tb^re  is  no  such  thing 
in  eoustenoe  as  casks  of  the  ^rst  and  Jourih  narieties,  con< 
sidev^'in  the  middle -^usluins  of  spliooids,  «tid  the  lower 
frustams  of  equal  cDnes;  and  that  liie  only  true  method 
'rf  g&CLfpng  casks,  is  by  means  of  four  dimensions,  as 
directed  in  Problem  IX. 

We  are  of  opinion  that  the  apparent  difficult  of  oi^ 
taining  the  middle  diameter,  has  preYonted'  this  method 
from  being  generally  adopted  ;  but  this  difficnlty  is  onlj 
imaginary.     The  method  we  have  given  is  extremely 
simple  and  easy  ;  and  if  the  operations  be  performed  with 
care,  will  always  give  a  true  result     However,  if  a  square 
be  i^ed  m  taking  the  middle  diametei^  instead  of  stcaight 
rods,  eve^  difficulty  will  'vanish.    This  instrtitnent  may 
be  made  by  any  joiner  or  cabinet-maka*.    It  consists  of 
two  pieces  of  mahogany,  each  about  38  or  40  inclies  in 
length,  2i  or  8  inches  iti'  Ifredidtli^  laiA  half  an  inch  in 
thickness.    The  arms  are  laid  one  upon  the  other,  and 
joined  together  near  one  end  by  means  of  a  pin,  which 
^Asses  through  them  botii ;  so  that-^hen  th^  anstruDKOt 
iB'dosed  it  is  very  portable,  and  when  it  is  opm;it  ftnnfi  a 

Xre;  the  two  arras  being  k^t  at  nghtaogles  to  each 
r  by  means  of  a  pin  or  screw. 
In  using  this  instrument,  one  linib«  laid  diametrically 
acooss  the  end  of  the  cask,  incontaot  with  the  diisbs  so 
each  side ;  while  the  other  is  made  to  touch  the  bulge  of 
the  cask^in  the  middle.  In  this'posction  of  the  instnnneiit, 
the  middle  diameter,  or  any  other  diameter  f between  the 
head  and  bung  may  be  ea«ly  obtained;  «Barks  baviw 
been  previously  made  upon  the  sides  of  the  cask,  aadisectao 
in  Problem  IX.    (See  Note  3,  of  that  Frobtem.) 

Note  1.  The  only  real  difficulty  which  aasea  in  taking  cxtmsU  dii* 
meters,  is  from  the  wooden  hoops  with  which  some  casks  are  bound. 
"When  a  wooden  hoop  happens  tabe  situated  where  the  middle  dianieter 
fiUs^  iu  thickness  asust  be  ascertained,  and  a^ed  to  the  distaacem  « 
laraar;  as  in  this  casen  and  r  will  fidl  at  the  external  pert  dt  the 
lioop.;  cohsequently,  its  thickness  mpit  be  addsd  in  order  t»  dbttkt  Ik 
true  distance  between  the  horizontal  rod,  and  the  external  part  ef  the 
staff.  (See  the  last  Fig.)  Or,  to  prevent  further  troubk»  Uie  hoop 
>nhete  the  middle'  diameter  falb,  4nay  be  struck  off  the  cask. 

If.  ThafdcdncthMis  made  by'4Pwt  Goqgan,  in  order  tawdooe  evb 
to  the  first  variety,  is  another  proof  of  -the  inipaprii^.  of  'the.|i«tici 
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Ei#^««lp(Wc«mi>eiMBMi^(  nMMljTf  thsl  of  gwijinf  all 
as  bekngutt  tQ  tbfi  tot  varjeta.    (See  the  method  of  gaugf nr  bj 

f  Callipers.) 


k^'^torAri'^  Ctmnpimson^^  end  O^fervaHon^  on  Cass 

Gapginq, 

By  I>It.  ChARLC9  HtTTTON. 

E)jt  HuTTON  appears  to  have  bestowed' much  pains  on 
«ttb|sGl  of  Cask  Gaiiying ;  and  his.  remarks  andexperi- 
"^  appear  to  be  so  JadiciouSj  that  we  think  it  our 
J 'to  by  tl^nn  before  the  public^  as  given  in  his  Mensu- 
■•n,  8vo.y  prke  eighteen  shillhigs  in  boards.  After 
idiog  to  die  Rule  given  in  Problem  IX.^  he  says^  **  The 
re.£ule  has  been,  jgrgy^d  to  be  accurately  true^'  not 
jT  for  att  this  ^biir  dinereoft  varieties  of  <sasKS,  but  also 
al^cask*  a^d  soUda  gc^esated  from  any  conic  section 
itever;  9^  altjjiQUgh  |he  ca0k  be  not  precisely  in  the 
aefai^^ch  eurvej,  ^,  Ru^  will  give  tiie  content 
r  near  riltt  trut]^;'  fo  Ujue^  whatever  be.  the  form  of  the 
(i  weflMir  in  a^  oajsep  be  prc^ttjr  sure  9^  the  cpntfeint  to 
^^.^  wa  ^ll^n^^  ^r  perhaps  less^  supposing  the 
enmai^  lo^be  t^^jr  tak^n*  S9  tihat^.  more  perfect  than 
» both  wi|t^  respect  to  Ibri^tb  and,  expedition,  nothing 
be  «q«9(rtod>  oi"  indeed  w^J^hed,  bt,  in,  Ga»iging :  which 
68  BQie  hfii^  tlviti  <>ne  4ay  this  method  will  come  into 
?ml  114^  wijth  th^  Practitioners  lAthe.  Excise  ;  and  till 
i>  1  am  iipjly  fersuaded  that  much  of  their  Practice 
t  be  19^  guesa«work*  The  pretended  difficulty  of 
)g  th^  qN^4^6  djameter  inay  perhaps  deter  some  from 
I  this  |3A^<h1  ;  but,  there  cannot  be  any  real  difficulty 
^g  tbiji  diaqaet«rj,  e|:o^t  wh^n^  »  wooden  hoop  may 
en  tQ  ba  J^t  the  aai^t  w^ere  the^  di4n^et€pr  oug^t  to  be 
1 ;  bi|t  that  villvery  rare]^  hai^n^" 
The  IbUpwin^  oolie(;tian  of  ca9k4  {uipnened  i^  real 
dee  ;,aB4  the^  dime^i<»is  were  carefully  U^en ;  but 
conteQta  were  imputed  by  a  Sliidipg  Rul^x  and  so 
not  aU  b^  pre cjael;p  trube." 

^rom  heace  it  app^af^^  xbaX^ksnkeroiiqf,  csii^  Is  a  mere 
[m»j  thiMy  tn«  contents  of  veal  casks  being  less 
is  assigned  to  them  by  that  form;  as  indeed  they 
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<niffiit/from  tbe  xuture  of  tbe  corves;  hr  a  ^^hetoidal 
cask  would  be  least  curved  in  the  middle^  and  the  most 
at  the  ends:^  whereas  a  real  cask  is  the  least  curved  at 
the  ends^  if  it  be  any  thin^  curved  there  at  all;  and  indeed 
there  is  reason  to  think  it  is  not,  as  it  appears  from  di>- 
servation  that  all  casks  are  in  the  form  of  the  frustum  of 
a  coue  near  theu*  ends;  and  that  the  middle  part  ap- 
proaches nearer  to  the  middle  frustum  of  a  parabolic 
spindle,  than  any  other  figure." 


Casif 8  gauged  by  four.  Ditnermans.     '       | 

t 

DiS, 

Num* 

Length. 

Head 

Bung 

Middle 

Ale 

less 

ber. 

diam. 

diam. 

diam» 

gallont. 

than 

1 

• 

tpbr. 

28.3 

23.2 

•27.7 

26.3 

S3.6 

1.0 

2 

29.8 

22.2 

26.0 

24.8 

50.2 

1.1 

3 

30.8 

23:2 

27.5 

26.] 

57.7 

1.1 

•    4 

32.2 

24.5 

30.1 

28.4 

70.6 

1.3 

5 

30-0 

24.7 

29.2 

27.6 

62.6 

1.8 

6 

32.5 

23.8 

28.2 

26.8 

63S 

1.9 

7 

34.3 

26.3 

$3,5 

31.1 

90.4 

2.9 

8 

34.5 

26.4 

33.0 

30.7 

89.0 

3.0 

9l 

41.0 

26.3 

32.2 

30.2 

102.2 

3.0 

10 

37.0 

26.1 

31.8 

29.9 

90.3 

3.1 

11 

44^ 

34.4 

40.8 

38.8 

183.8 

3.2 

12 

47.0 

26.3 

33.8 

31.4 

I26.S 

3.5 

U 

34.2 

27.2 

33.8 

31.4 

92.3 

8.8 

14 

47.0 

25.3 

32;0 

«9.7 

113.1 

4.3 

15 

45.5 

30.7 

38.0 

35.5 

I57.a 

4.7 

IS 

44.6 

24.7 

32.2 

29.6 

106.6 

4.7 

17 

48.6 

24.2 

32.1 

29.4 

114.4 

4.9 

18 

46.0 

25.7 

34.7 

31.7 

125.3 

5.5 

19 

48.8 

24.2 

32.1 

29.4 

114.8 

5.5^ 

20 

51.2 

23.3 

31.0 

28.2 

111.3 

5.8 

21 

49.3 

23.8 

.32.6 

29.5 

117.0 

6.1 

22 

48.0 

28:2 

33.8 

31.4 

137,3 

6.1 

23 

45.2 

26.6 

33.2 

30.4 

115*6 

&5 

24 

51.6     36.6  1 

41.6 

S9.6 

223.3 

6.7 
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VdHkt  giu^d  by  /bur  Dimekdimtk 

» 

»  ■* 

Dili; 

^^^iXOk'  r  ._«li. 

HmmI 

Bung  1   BlU. 

▲le 

feM 

;  Nrt 

*-^/^H\: 

iltou 

diiUn. 

GalU 

tb«f) 

sphr 

«5. 

4i.2 

98.1 

36.4 

83^ 

134.6 

Ts 

f^^ 

«.Q. 

8«.7 

42.0 

MI 

236.6 

6.8 

27 

5X.0 

83.1 

38.1 

85.7 

181.0 

8,0 

28 

51.5 

33.3 

40.0 

S7je 

197.0 

8.7 

r»9 

54*a 

34.8 

44.8 

41.* 

f?53,5 

8.8 

30 

50.0 

34.3 

40.5 

87.7 

197.6 

9.4 

81 

49.0 

29.^ 

36S> 

9«.0 

148.1 

9.4 

32 

51.0 

SS.S 

39.2 

S6.4 

189.6 

9.7 

33 

51,0 

33.4 

S9.S 

87.0 

194.0 

9.8 

34 

55^ 

30.6 

4Q.6 

87.0 

207.2 

10J2 

35 

45.6 

28.0- 

34.6 

9S.4 

184.8 

12.0 

36 

55.0 

35.8 

f8.0 

48.2 

282.2 

17.8 

^cic  If  the  figilres  opposite  to  opcbt  oth^'t  in  the  two  last  cdumiM, 
be  added  together,  their  sum  will  be  the  c<)ntent8  of  the  caskst  when 
0KigKrat*phtMUi9  ilbi]«»58.6<f  1.0  sb  M^C»lKni>  «1^  V«t>m  ot 
Now  J,iri*fi».iD^RIi^M|i^lWn*i»  , 

:    ,     UT-tAGINP  CASKS. 

Ths liquor  conUithtd  inn  caak  -when  it  is  not  fu)]^  i$. 
caiXitd  the  v«t  uli^a^C  i  tbue  viu^ity  or  space  not  OQpupi^^ 
by  the  liauor,  is  termed  ijie  dry  y  llaoe  ;  and  the  n^^hpd  pf 
finding  tne  content  of  the  liquor*  is  called  uUaging  a  cask. 
Ullaging  naturally  divides  itself  into  t^ro  cases;  Jirst, 
vrfaen  the  cask  is  in  a  horisontal  jmition,  or  lying  on  its 
bulge ;  and  $econdfy,  when  the  cask  is  in.a  perpendicular 
position^  or  standing  4ipon  ks  head.  Ullages  are  chiefly 
confined  to  the  wine  and  spirit  trades.  They  aris^  eithjsr 
from  the  leakage  of  casks^  a£ber  they  have  been  filled  witli 
liqiu»» ;  or  from  its  haiving  been  dmwn  off  ip  sale* 

The  contents  of  ullages  may  be  found  leither  by  the 
Peij^  the  lading  Rttle,  or  the  Ullage  Rule. 

DESCRIPTION  or  THE  ULtAOJC  RULE. 

This  is  a  flat  Rule^  either  nine  or  twelve  inches  in 
length ;  and  has  all  the  lines  upon  it  that  are  upon  the 
Sliding  Rule^  described  in  Part  II. ;  and  consequently 
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loaj  be  used  in  tbe  same  manner^  in  foding  the  areas  and 
contents  of  vessek,  casting  malt^ngeSj  &&  &c. 

The  two  slides  marked  B^  worf  toge^er ;  and  aremsed 
with  the  two  Hnes  of  s^ments^  in  casting  the  ullages  of 
casks. 

This  instrument  lias  a  consi^teraBle  advantage  over  the 
common  Sliding  Rule,  as  by  it  we  'can  find  t&  ullages  of 
both  slianding  and  l^g  casks,  without  changing  the 
slides ;  consequently  it  is  verjr  expeditious  in  casting  the 
stocks  of  Wine  Merchants,  Spirit  Merchants^  &c.  &c.  where 
the  standing  and  lying  ullages  are  f^equen^y  numerp^is. 

.  PROBLEM  X.  ' 

To  ullage  a  lying  ^ask^  having  the  bung  diameter^  wH 

inches^  and  content. 

HULE. 

BY  THE  PEN. 

Divide  the  wet  indies  by  the  bung  diameter,  to  three 
places  of  decimals ;  and  if  the  quotient  exceed  .500,  add 
to  the  said  quotient  one-fourth  of  the  excess  ;  but  if  it  be 
less  than  .500,  subtract  one-quarter  of  the  defidepcy; 
then  multiply  the  whole  content  of  the  cask  'by  the  sum 
in  the  first  case ;  or  the  remainder  in  the  second,  and  the 
product  win  be  the  ullage  required. 

BT  THE   SLIDING   RULE. 

Set  the  bung  diameter  On  C  to  100  on  the  line  marked 
Seg.  Ly*  or  ^S,  L. ;  then  against  the- wet  iudies  on  C,  you 
will  have  a  segment  on  the  line  &  L.,  whidi  call  the  fourth 
number. 

Again,  set  the  content  of  the  cask  cm  the  line  B,  to  100 
on  the  line  A  ;  then  against  the  fourth  number  on  A*  is 
^e  ullage  of  the  cask  on  B. 

Or,  set  the  fourth  number  on  B^  to  100  od  A ;  then 
against  the  content  of  the  cas^  cm,  A,  is  the  ullage  on  B. 

Kote*  The  latter  method  has  a  oonsiderable  advantage,  in  FncUce, 
over  the  former ;  as  tbe  fourth  number  may  be  so  very  easily  trans- 
ferred  from  the  Kne  of  segments  to  the  line  B  ;  while,  by  the  former 
method,  there  is  some  probability,  of  the  fourth  number  escaping  the 
memory,  befiwe  the  content  on  the  line  B,  can  be  placed  to  100  on  tbe 
line  A. 
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GT  THt  ULLAGE  RULE. 

Set  the  bang  dioraetcr  on  B,  to  100  on  the  line  nurked 
S^.J^.ot  S.L.;  then  afaiiut  the  wet  inches  CQ  B,  you 
will  have  the  fourth  numBer  on  the  line  S.  L. 

Again,  set  the  content  of  the  cask  on  B,  to  100  on  A ; 
then  a^iut  tti«  tburth  number  on  A,  ib  the  ullage  of  the 
Oik  on  B. 

Or,  aet  the  fourth,  nuraber  on  B,  to  100  on  A ;  then 
against  the  content  of  the  caik  on  A,  is  the  ullage  on  B. 

Xtie.  Wben  the  content  of  a  o^  i>  not  koowo,  it  inuM  W  round 
Irani  proper  dlmeniioDi,  befbre  tlie  abOTe  Rule*  oan  be  apfdled. 


1.  Let  A  B  C  D  represent  a  lying  ca«k  of  th«  aceoad 

variety,  the  head  duarnetev  of' which  measures  34,  the 
bung  diameter  3%,  mj^  the  length  40  Inches ;  recguired 
tlie  tillage  of  the  caiJc  m  wine  gallons  j  thti  tref  indiea 
E  F  b^ng  21.6  inches. 


To  jiitd  the  content  of  the  ca»t. 

BY  PROB.  IV. 

Here  SS-2t  =  8  iacket,  the  difference  of  the  tHimeten  t 
mid  .64  X  8  =  5.12;  then  24  +  5.12  =  Sp.lS  inchet, 
I  he  mean  diameter  ;  keiux  we  have  29  1^  y  29.12  x  40  = 
S47.g744  X  40  =  33918-976;  aiul  3391S.976  -r  294.12 
—  1 1 5^23,  the  content  m  nine  gallons. 


4M  UMikWQfft  «AM4^ .  (BAH?  ▼!*> 

H^rv  SI.64-  M  s  .675,  mpMcA  9m6eds  ,5Qa  hy.l75,  one* 
fourth  part  €f  which  h  s  .(M975;  then  .675  +  .04875  sc 
.7ISTS,  the  muhipker,*  hence  115.8&3  x  .71875  = 
82.88840685  mine  gaUone,  the  uliage  required. 

BY  THB  SLIOINO  RULX* 

OnC.    On&L.      OnC.    OnS.L. 

As  32    :    100    ::    21-6    ;     73.7  the  fourth  number. 

And^ 
On  A.      On  B.      On  A.      On  B. 
AslQO  :   115.3  ::  73.7     :    85.0  wine  gallons. 

Or. 
Asim  :    78.7  :;  115^    ;     $$JHh.ullme  rf^red, 

*  • 

t    BY  THE  UliLAM  nVfcS^ 

On  B.     On  S,  L.    On  B.  On  S.  L. 

As32    :     100     ::     21.6    :     73.7  the  Mnh  number. 

And, 

On  A.      On  B.      On  A.  On  B. 

^#100  :  115.3  ::  73.7    :  SS.O  minegaUon^.  ' 

Or, 

As  100  :  7S.7  ::    115.S    :  95.0  the  ullage  required. 

Note.  If  the  whole  content  of  the  cask  be  moltipUed  by  the  fiwrtb 
number,  and  two  decimals  more  than  those  in  the  content  and  aeigraent, 
be  cut  oft';  the  result  will  be  the  content  of  the  Milage,  without  usii^ 
the  lines  A  and  B;  thus  115.3  x  73.7  =s  84.9761  wine  gallons,  the 
content  of  the  ullage,  as  before. 

2.  Required  the  ullage  ef  the  foregoing  cask,  when  the 
wet  inches  are  10.4  inches. 

Ans.  32.4834  n^ine  gallons,  by  the  Fen  ;  and  30.0  bif  the 
Sliding  Ride. 

Remark. 

In  the  first  Example  the  content  by  the  Sh'ding  Rule 
exceeds  the  content  oy  the  Pen ;  but  the  contrary  is  the 
case  in  the  second  Example  j  )iowever,  the  sum  of  the 
two  ull^es  ^ther  by  the  ren  or  by  the  Rule,  is  eqiud  to 
the  whole  content  of  the  cask.    The  ullage  found  by  the 
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Sliding  Rule  is  midimbtedly  vioi»  ccMxect  tluui  that  found 
^  the  Pen;  and  do  oth^  method  is  practised  in  the  Ex- 
cise; the  Rule  by  the  I^en  is,  however,  very  simple ;  and 
may  be  useful  id  those  who  are  not  in  possesnon  of  a 

Sliding  Rule. 

PROBLEM  XL 

7b  ullage  a  ttanding  cask^  kaving  the  liength^  the  wet 

inches,  ancf  l&e  content, 

RULE. 

BY  THE   PEN. 

Divide  the  wet  inches  by  the  length  of  the  cask,  to 
tliree  places  of  decimals ;  and  if  the  quotient  exceed  .500, 
add  to  the  said  quotient  one-tenth  of  the  excess ;  but  if  it 
be  less  than  .500,  subtract  one-tenth  of  the  deficiency; 
then  the  whole  content  of  the  cask  being  n^ultiplied  br 
the  sum  in  the  first^case,  or  the  remainder  in  the  second, 
^iJJ  give  the  ullage  required. 

BT  THE  SLIDING  RULE. 

Set  the  length  of  the  cask  on  C,  to  100  on  t|ie  line 
marked  S^.  Si.  or  S.  S,  ;  then  against  the  wet  inches  on 
^}  you  will  have  a  segment  on  the  line  S,  S,,  which  call  a 
fourdi  number. 

Again,  set  the  content  of  the  cask  on  B,  to  100  on  A  ; 
hen  against  the  fourth  number  on  A,  is  the  ullage  of  the 
^k  on  B. 

Or,  set  the  foorUi  number  on  B,  to  100  on  A  ;  then 
igainst  the  content  of  the  cask  on  A,  is  the  ullage 
>n  B. 

BY  THE  VLLAOB  RyLB. 

Set  the  length  of  the  cask:  on  C,  to  100  on  the  Ime 
larked  iSe^.  St.  5*.  S. ;  then  against  the  wet  inches  on  C, 
ou  will  have  the  fourth  number  cxaS.S.  ' 

Again,  set  the  content  of  the  cask  on  C,  to  100  on  A ; 
ben  against  the  fourth  number  on  A,  is  the  ullage  on  C. 

Or,  set  the  fourth '  number  on  C,  to  100  oh  A ;  then 
gainst  the  content  of  the  cask  on  A,  is  the  ullagje  on  C. 


DbbAeiN*  eitut'  (tiST  -vt.) 


1,  Let  ABC  Dr^ftreMutastandingcoakof  tile MfXHid 
yuitlty;    required  tbe  ullage  in  winegaltona;    tbe  vei    \ 
inches  E  F  being  31.S  inches,  the  leng%  40  Hicfaea>  and  I 
the  couteDt  115.323  winegalloiu. 


»Y  THl  P«H. 

Nan  91^  -f.  40  =  .760,  tpkick  taettdt  .500,  ^  S80) 

M»-^ttA  pari  ^tdtick  it  3=  .OflS  ;  Ae»  .7MH-.D88.  =«  JOS, 

tketitubiplier;    ktmce  115.SS3  x  .308  s  9S>1«098«  <vMt 

galioM,  ike  uUage  requind. 

BY  THE  SLIDING   RULE. 

On  C:      On  S.  S.      On  C.      On  S.S. 

Att»    I     100      :;      Sl.a     :      m.t  tkefittrtknmHier. 

And, 
On  A.      On  B.      On  A.      On  B. 

4»iin>  :  1104  ::  8o.a  :  9£-4  wiM^aUtw. 
ft-, 

^<]00  :  802  ::   II5.S     :    git.*  the  ullage  rtqtv«ll. 

JRT  THS  VLLA,eK  BVLB. 

OnC     .OnS.&     ObC.      On  S.  S. 

At*0     :     100    ::    SIJJ    :     W.»  tktjmvtkmmber. 
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On  A.     OnC      On  A.      OnC 

it  160  ;  125.8  ::  ^.t    ;  92^  wkm^uototu. 

Or, 
Mm  :  m«    ::    IIS.^  :     92:4  Um^Amtrmp^ned. 

t  Wliat  ii  the  dlafle  of  ilie  ibngoaig  cuk>  irluBii  the 
««k  inohes  ase  6*8  iacteB  ? 

i)u.  d&142  mmgaikmi,  bgAeFtMi  mdtBA^ig  ^ 


P!t0BLEH  XHf. 

To  mch  n  itandiiig  ewik  of  the  9eamd  arr  third  variety* 

RULE. 
pQT  the  S0cond  Variety* 

1.  FVolQ  the  ureii  df  thebong  dismcfter^  saibferact  Hie 
area  of  the  lietfd  diameter;  and  miiltiplY  l3ie  remidiidet 
by  S.S.  Divide  the  pradnct  thiM  obtamea  bjr  9  tines  the 
square  of  half  the  ksigtii  of  the  caik  ;  and*  the  quotient 
will  be  a  common  multiplier  far  a  cask  of  the  second 
variety. 

1  Middply  die  squall  of  the  proposed  distance  fhun 
the  bang^  by  the  aminum  mukipUer  ;  and  subtnut  the  pro- 
liactfrom  tiie  area  of  the  bong  diameter.  Then  midtipty 
this  retiudnder  by  the  proposed  distance  from  the1>m}r; 
and  the  product  will  be  "me  content  of  the  cask  from  me 
bung  to  the  extremity  >ef  the  proposed  ftietance. 

3.  Hannff  time  ftMcmd  the  ^contentof  the  cask  at  1,  S, 
\  md  4  indies  ftom  the  bung,  the  content  vteadi  >df  the 
■emaining  indies  nn^  easily  be  determined  by  thematfaed 
)f differences;  for  if  we  subtract  ef^dh  content  firom  die 
bllowing  one,  we  -shidl  obtain  a  set  fA  firtt  differencee. 
Vgab,  if  these  differences  be  subtracted  from  each  other, 
re  shall  obtain  a  set  of  second  differences ;  and  lastly,  by 
ubtmetiiig  die  aeeosd-  differences  ^om  eadh  ether,  we 
hall  obtain  a  eet  ofikird  d^jferences.^ 

4.  Now,  as  the  third  differences  will  be-all  equal  to  .eadi 
ther ;  it  follows.  Uiat  by  adding  thia  common  third  dtffiBa> 
nee  to  the.  firat  aecond  difference,  we  shall  oi>tain.  the 
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next  second  difference ;  and  if  to  tliis^  difference  we  again 
add  the  third  differencie,  the  sum  will  be  the  next  aecond 
difference;,  te^  te.  until  we  have  obtained  all  tbe  teotmd 
differences. 

5.  By  aubtraetiDg  any  second  difference  ftom  the  cor* 
x«sponding  Jini  diffsfence,  we  ahail  obtain  the  next  fet 
difference ;  and  by  adding  any  first  difference  to  tibe  cor- 
respcmding  oontenty  we  may <^tain  the  next  content;  and 
thus  we  may  determine  the  content  at  every  inch  firom 
the  bung  to  the  head  of  the  cask^  rither  in  ale  or  wine 
gallons. 

6.  Now,  as  the  last  of  the  first  differences  is  considered 
to  express  the  area,  or  nearly  the  area  corresponding  to 
the  bead  diameter;  the  next  greater  difference^  the  area 
corresponding  to  die  diameter  at  the  second  incb  fivm 
the  head^  &c.  8cc,,  it  follows  that  we  may  obtain  the 
content  at  evei^  inch  firom  the  head  to  the  bunff,  by  the 
successive  addition  of  the  first  differences ;  ana  then  by 
jMlding  the  uaoei  differences,  in  a  reversed  order  ;  we  may 
continue  the  tabulation  from  the  bung'  to  the  u|^ier  headl- 
and thus  obtain  the  content  of  the  cask  at  every  mA  ti 
its  length ;  as  exhibited  in  the  two  following  Tid>le& 

£XAMPLB. 

The  bunff  diameter  of  a  cask  of  the  second  variety,  is 
S6,  the  heaid  diameter  S2,  and  the  length  30  inches ;  it  is 
required  to  find  the  content,  in  wine  gallon^  at  every 
indi  of  its  length,  when  it  is  standing  upon  its  head. 

OPSRaTION. 

Inches*  Area. 

Bung  diameter    26 ^^9^4^  wine  gaOoms. 

Headdimneter    22 ^....     1.6456  mnegMms. 

Differertce .652S 

Jliukiptier  .......*..> 3^ 

32640 
19584 

Divisor   15X15x9  =  2025)2.28480(.001128  ^otient. 

For  thejirst  inch  from  ike  bung. 
From  the  area  of  the  hung  diameter   2.298400 
SfAtraH  .001128  x  1  X  1  =  0.001128 

Content  cfonie  inahfiom  the  hung 2.2972T2 ' 


For  ihe  teeond  indifrom  the  hung, 

Frm  the  ana  of  ike  bum:  diameter  •••  2.298400 

^f<6frflW  rOOl  188  X  2  X  2  =   0.00^12 

Difference 2.2^5688 

TMatt^fnm  the  hung ••  2 

Condeni  ^tmo  incJiesfrom  the  bung  •••    4.587776 


W^flF 


Por  ffte  ^ird  Uuhfnm  the  htmg. 

Frm  ^Hrea^f  ike  bung  diameter ...  2.296400 

Mract  .001128  X  8  X  5  ==  0.010152 

Biference  , 2^88248 

Dtkance  from  the  bung  S 

ConlctU  of  three  inches  from  the  bung    6L864744 

'  For  thefmirth  in^from  the  bung. 
From  the  area  of  the  bung  diameter  . , .     2.298400 
•Stt6/rttt?f.001128X4x4=  0.018048 

Merence    2.280852 

^ancefrom  the  bung ••  4 

^eni  of  four  inches  from  the  bung      9.121408 

^  Table  showing  the  Method  of  obtaining  the  three 
series  of  differences  ;  and  the  content  of  the  cask  at 
every  inch  from  the  bung  to  the  head. 


incltet 


I 


from  ihe^    CtmUnU. 
btmg. 


PirH 

erences. 


1 
2 
$ 
4i 
5 
6 

7 
8 

9 
10 

11 
12 
13 
14 
15 


2.2978 

4.5878 

6.8647 

9.1214 

11.3518 

13.5478 

1 5.7043 

17.8142 

19.d709 
21.8678 
28.7983 
25.6558 

27.4337 
29.1254 
30.7243  I 


2.2905 
2.2769 
2.2567 

2.2299 
2.1965 
2.1565 

2.1099 
2.0567 

1.9969 
1.9305 
1.8575 

1.7779 
1.6917 
1.5989 


Second 
Hfferettces, 


Third 
d^erencf. 


.0136 
.0202 
.0268 
.0334 
.0400 
.0466 
.0532 
.0598 
.0664 
.0730 
.0796 
.0862 
.0928 


.0066 
•0066 

.0066 

.0066 
.0066 
.0066 
.0066 
.0066 
.0066 
.0066 
.0066 
.0066 


••••.•« 


^  n 


u-tr 


410  IKOIINO  CASKS.  (fA&«  ▼! J 

ELUCIDATION. 

Having  foiuid  the  amtent  of  the  caak>  at  1,  2,  S,  and 
4  inches  from  the  Ymng,  as  directed  in  Nos.  1  and  2  of 
the  Rule ;  then  by  No.  3,  we  have  4.5878  —  S.297S  = 
2.2905 ;  also,  6.8647  *-  4.5878  ?=  2.2769 ;  and  g.l214  - 
6.8647  =  2.2567>  die  first  diree  difibrences  in  the  third 
column. 

Again,  we  have  2.2905  -  «.2769  =&  .0186;  al9o»  d.2r$9 
-*-  2.2567  =5.0202,  the  first  two  difi*ereQces  ia  the  Iborth 
eolumn.  ' 

And,  .0202  —  .0136  =  .0066,  the  common  difierence 
in  the  fifth  column ;  then  by  No.  4  of  the  Rule,  we  have 
.0186  +  .0066  =.0202 ;  also  .0202  +  .0066  =:  .0268  ;  &c 
&c.  until  we  obtain  all  the  differences  in  the  fourth 
column. 

By  Na  5  of  the  Rule,  we  have  2.2905  —  .0156  =: 
2.2769;  also,  2.2769-  .0202  =  2.2567;  &c  &c  until 
we  obtain  all  the  first '  differences  in  die  third  adunuu 
Also,  by  the  same  No.  of  the  Rule,  we  have  2.297S  + 
•2.2905  =s  4.5878 ;  also,  4.5878  +  2.2769  =  6.8647  ;  &c. 
&C.  until  we  obtain  all  the  contents  in  the  second  oolnmn. 
Thus  bavins  found  the  content  at  every  inch  firom  the 
bung  tothe  nead,  we  may  then  find  the  content  at  every 
inch  from  the  head  to  the  bung,    by  Subtraction,  as 
follows :  da7248  —  29<1254  =  1.5989,  the  content  at  one 
inch  from  the  head ;  also  80.7243  —  27.4337  =  S.2906, 
die  content  at  two  inches  from  die  head ;  See.  See,  until 
we  have  arrived  at  the  bung,  where  the  content  is  30.7243; 
then  by  Addition,  we  have  30.7243  +  2.2973  =r  38.0216, 
the  content  at  16  inches  from  the  head ;  abo,  30.7248  + 
4.5878  =  S5Sl^h  the  content  at   17  inches  fincHfe  the 
head,  &c.'  Sec.  until  we  have  obtained  the  content  at  every 
inch  of  the  lengdil    The  cask  may,  however^  be  more 
easily  tabled  by  Additicm,  as  directed  in  No.  6  of  the 
Rule ;  and  exhibited  in  the  following  Table* 
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A  TABLE 
Shewing  the  Makod  of  Inching  the  CMt  giv9m  in  th€ 

foregoing  Examph* 


In. 
cbes. 

Con- 

tent*. 

Wet 

In- 

ches. 

8 
9 
10 
11 
12 
13 
14 

Con. 
tents. 

Wet 
In- 

che?. 

tent*. 

Wet 

In- 
ches. 

22 
23 
24 
25 

26 
27 
28 
29 
SO 

Cm. 

tcnti. 

1 
2 

3 

4 
5 

6 

7 
8 

1.5989 
1^917 

15.0198 
2.1565 

15 
16 
17 
18 
19 
20 
21 
22 

30.7242 
2.2974 

33.0216 
2.2905 

46.488d 

2.1099 

a2906 
1.7779 

17,1763 
2.1965 

48.5385 
2.0567 

5.0685 
1.8575 

19.3728 
2.2299 

35.3121 
2.2769 

50.5952 
1.9967 

6.9260 
1.9305 

21.6027 
2.2567 

37.5890 
2«2567 

52.5919 
1.9306 

8  8565 
1.9967 

23.8594 
2.2769 

39.8457 
2.2299 

54.5224 
1.8575 

10.S532 
2.0567 

26.1363 
2.2905 

42.0756 
2.1965 

56.3799 
1.7779 

12.9099 
2.1099 

28.4268 
2.2974 

44.2721 
2.1565 

58.1578 
1.6917 

15.0198 

15 

30.724? 

46.4286 

59.8495 

1.5989 

■ 

161.4484 

yoie  1.  The  above  Table  is  ibrmed  according  to  the  directions  given 
m  No.  6  of  the  foregoing  Rule ;  and  the  Table  Booi^  may  be^  made  as 
<Urected  in  Prob.  I.  of  the  last  Section. 

2.  The  content  of  the  foregoing  cask*  found  by  Prob,  I V.,  is  61.12 
wine  gallons. 

3.  We  have  not  given  the  method  of  inching  the  first  variety  of 
<:asks,  as  we  consider  that  this  variety  is  never  met  with  in  practice. 

RULE. 

For  the  Third  Variety. 

Divide  |  of  the  difference  of  the  areas  of  the  head  and 
bung  diameters,  by  the  square,  of  half  the  length  of  rfie 
cask ;  and  the  quotient  ^ill  be  a  common  multiplier  for  a 
cask  of  the  third  variety,  with  which  proceed  precisely  an 
directed  in  the  last  Rule. 

N  n  2 
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SZAMPX.K*. 

.  The  head  diameter  of  a  cask  of  the  third  variety,  ib  24^ 
the  bung  diameter  SO,  and  the  length  40  inches  ;  it  is 
required  to  find  the  content,  in  wine  gallons,  at  every  inch 
of  the  depth,  when  it  is  standing  upon  its  head. 

Ans.  The  content  cf  <me  inch  Jram  the  intng,  is  S.0586 ; 
cftwoinckef,  6.1102;  ^  three  inches,  9.1470;  ^fow 
inches,  12.l6l7 ;  and  the  whole  content,  found  by  inadngtht 
cask,  is  102.5426  wine  gallons.  (See  the  Kev  to  thU 
Work.) 

Remark. 

The  foregoing  method  of  inching  casks  is  attended  with 
considerable  labour;  notwithstanding  this.   Officers  had 
much  better  inch  all  Spirit  Merchants'  casks  that  are  fixed 
for  general  use,  even  by  this  tedious  method,  than  have 
several  ullages  to  cast  every  time  they  survey  such  traders. 
If  diameters  could  be  taken  in  the  middle  of  every  8  or  10 
inches,  from  the  head  to  the  bung^  imy  cask  might  then 
easily  be  inched  in  the  same  manner  as  a  guile-tun ;  and 
we  certainly  conceive  it  possible  to  obtain  these  diameters 
to  a  consiaerable  degree  of  accuracy,  by  some  of  the 
methods  laid  down  in  the  ninth  Problem  of  this  SectioDi 
and  the  subjoined  Remarks. 

Note,  Large  casks  used  by  Distillers  and  Rectifiers,  as  store-casks, 
btTe  man-holes  in  their  up)«r  heads ;  consequently,  the  Gauger  vmj 
descend  into  the  casks,'  and  take  cross  diameters  in  the  middle  of  evoy 
6,  8,  or  10  inches ;  and  hence  the  casks  may  be  tabulated  with  as  much 
•ase  and  accuracy  as  circular  guile-tuns. 


CASK     GAUGING 

BY  THE  CALLIPERS. 

The  Method  of  Gauging  Casks  by  the  Callipers^  Bung 
Rod^  and  Head  Hod^  as  practised  in  the  Ports  of 
Great  Britain  and  Irelandy  by  the  Port  Gangers  of 
the  Excise  and  Customs, 

DESCRIPTION. OP   THE   INSTRUMENTS. 

The  instruments  used  by  the  Port  Gaug^^  of  the 
Excise  and  Customs,  are  four  in  number ;  namely,  the 
Lonff  Callipers,  the  Cross  Callipers,  the  Bung  Rod,  and 
the  Head  Rod. 
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The  Long  and  Crava  Callipers. 

The  Long  Callipers  are  used  la  taking  the  kngth  ot  a. 
cask;  aod  the  Cross  Callipers  in  taking  the  horisontid 
bung  diameter.  Each  of  these  instruments  consists  of  a 
stocky  which  is  dit^ided  into  inches  and  tenths ;  and  two 
legs  fixed  at  the  ends  oi  the  stock,  and  forming  with  it 
two  light  angles. 

The  stock  is  divided  into  two  parts  which  slide  by  each 
other ;  the  legs  are  brought  in  contact  with  the  heads,  or 
with  the  bulge  of  the  cask ;  and  the  length,  or  the  hori- 
zontal bung  diameter,  is  expressed  by  the  inches  and 
tenths  upon  the  stock. 

The  Long  Callipers  are  constructed  in  such  a  manner 
as  to  allow  an  inch  for  the  thickness  of  each  head;  conse- 
quently, when  the  heads  are  exactly  of  that  thickness,  the 
Callipers  will  exhibit  the  internal  length  of  the  ca3k.  If 
the  heads  exceed  an  inch  in  thickness,  the  excess  must  be  ' 
deducted  from  the  apparent  length,  ^s  given  by  the  Cal- 
lipers ;  but  if  they  be  less  than  an  inch  in  thickness,  the 
deficiency  must  be  added  to  the  apparent  length;  and  you 
will  thus  obtain  the  true  internal  length  of  the  cask. 

The  Callipers  are  so  simple,  that  further  explanation  is 
unnecessary.  They  may  be  completely  understood  by  a 
iew  minutes  inspection. 

Note.  The  lower  patt  of  the  legs  of  the  Long  Callipers  ave  tnrneii 
towards  each  other,  in  a  direction  parallel  to  the  stock,  in  order  that  the 
chimbs  may  not  prevent  them  from  coming  in  contact  with  the  heads 
of  the  cask.    (See  the  next  Pig.) 

ne  Bung  Rod, 

This  instrument  is  a  slender,  square  rod,  48  inches  in 
length ;  and  divided  into  inches  and  tenths  on  two  of  its 
opposite ,  sides.  Another  side  contains  the  dia/^onal  line 
for  finding  the  contents  of  casks,  in  wine  gallons,  as 
directed  in  Problem  VII. ;  and  on  the  opposite  side  is  a 
line  of  circular  wine  areas,  for  finding  the  contents  of 
cylinders.  This  line  exhibits  the  area  of  the  base  of  any 
cylindrical  vessel,  .in  wine  gallons,  when  the  Hod  is  ap- 
plied to  the  diameter;  consequently,  if  this  area  be  multi, 
plied  by  the  perpendicular  depth,  the  product  will  be  the 
content  of  the  vessel,  iu  wine  gallons. 

N  n  a 
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A  brass  sliding  plate  is  fitted  to  the  Bung  Rod,  large 
enough  to  cover  the  bung-hole  of  the  cask ;  and  on  the 
.under  side  of  this  plate  are  two  projecting  slips  of  bn»8» 
each  one  inch  in  length ;  and  divided  into  four  equal  parts 
by  notches,  denoting  J,  J,  and  }  of  an  inch. 

This  instrument  is  chiefly  used  to  take  the  perpendMm- 
lar  bung  diameters  of  casks,  and  also  the  wet  inches  ;  the 
horizontal  bung  diameter  being  taken  by  the  Cross  Cal- 
lipc»'s;  hence  the  mean  bung  diameter  is  obtained  by 
taking  half  the  sum  of  the  perpendicular  and  horizontal 
diameters. 

Note  1.  The  Brannan^s  Rule  contains  a  line  of  circular  ale  areas,  bj 
'Which  the  contents  of  cylinders  may  be  found  in  ale  gallons,  in  the 
same  manner  as  described  above,  for  wine  gallons.  (See  Probleai  VII., 
of  this  Section.) 

2.  These  lines  of  areas  are  part  of  the  Tables  of  ale  and  mine  area^ 
in  Part  VII.,  transferred  to  the  Diagonal  Rod,  Branaan*8  Bute,  and 
Bung  f^ctd. 

The  Head  Rod. 

This  instrument  is  a  Sliding  R«ile,  45  inches  in  length; 
having  only  one  slide  in  the  middle  of  the  stock. 

The  lower  part  of  the  stock,  on  one  side  of  the  Rule,  is 
divided  from  right  to  left,  into  inches  and  tenths,  by 
which  the  h^ad  diameters  of  casks  are  taken.  Ontbe 
same  side  of  the  Rule,  at  the  right  end  of  the  stock,  is 
fixed  a  crooked  piece  of  brass,  which  projects  perpendicu- 
Isfltly  from  the  face  of  the  Rule,  about  two  inches ;  and 
then  turns  to  the  right;  and  upon  the  middle  of  the 
Slide  is  fixed  another  projecting  piece  of  brass,  that  servea 
as  an  index  to  point  out  the  head  diameters  of  casks  upon 
the  lower  part  of  the  stock. 

The  upper  part  s  of  the  stock  and  Slide,  on  the  same  side 
of  the  Rule,  contain  two  lines  marked  C  and  D,  wbfeh 
are  used  tp  find  the  contents  of  vessels,  in  the  same  manner 
as  those  on  the  common  Sliding  Rule,  described  in  Part 
II. ;  and  the  lower  part  of  the  Slide  contains  a  Hne  of 
inches  and  tenths ;  adjoining  those  on  the  lower  part  of 
the  stock.  On  the  same  side  of  the  Slide,  towards  the 
left,  is  a  line  marked  spheroid,  which  is  used  to  find  the 
piean  diameters  of  casks,  in  order  to  reduce  them  to 
c^Iind^rs  of  e^ual  contents,! 
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The  other  side  of  the  Rule  contains  three  lines  marked 
A,  U,  and  N^  which  are  all  similar  to  each  other ;  and  are 
used  in  the  same  manner  as  the  lines  A^  B^  and  C,  on  tho 
common  Sliding  Rule.  The  first  of  these  lines  is  on  the 
upper  part  of  the  stock ;  the  other  two  are  on  the  Slide ; 
and  below  them^  on  the  lower  part  of  the  stocky  are  the 
lines  o£  segments  for  ullaging  lying  and  standing  casks,  as 
directed  in  Problems  X.^  and  XL,  of  this  Section. 

.  (See  the  description  of  the  Sliding  Rule,  Part  IL) 

To  take  the  Dimensions  of  Casks  by  the  Bung  Rodf 
Bead  Rod^  and  Callipers, 

PRELIMINARY   OBSERVATIONS. 

The  Port  Gaugers  of  the  Excise  and  Customs  do  not 
finish  the  process  of  taking  the  dimensions  of  one'cask, 
before  they  begin  with  those  of  another,  as  the  Officers  of 
the  Excise  do  m  gauging  the  casks  of  Victuallers.  Win« 
and  spirit  casks  are  placed  upon  the  Quays,  in  regular 
rows,  with  their  bung-holes  uppermost,  as  tbey  are  landed- 
from  the  vessels ;  and  at  such  a  distance  fVom  each  other 
as  to  allow  room  for  the  pl^y  of  the  Cross  Callipers*  and 
to  admit  the  Officers  to  pass  freely  between  them.  All 
the  horis^ontal  bung  diameters  of  the  first  row,  are  then 
taken,  by  the  Cross  Callipers ;  and  put  down  upon  the 
right  bulges  of  the  casks,  with  chalk.  Cross  diameters  of 
the  back  heads  are  next  taken,  with  the  Head  Rod;  and 
their  means  entered  upon  the  left  bulges  of  the  casks. 

The  Bung  Rod  is  next  used  to  determine  the  perpen- 
dicular bung  diameters  and  wet  inches.  From  the  cross 
bung  diameters  the  mean  bung  diameters  are  determined ; 
and  both  them  and  the  wet  inelies  are  put  down  upon  the 
front  heads  of  the  respective  casks ;  the  wet  inches  being 
generally  placed  undermost. 

Three  lengths  of  each  cask  are  then  taken  with  the 
Long  Callipers ;  namely,  one  over  the  bung-hole,  and  one 
on  each  side,  at  one- third  of  the  circumference  of  the  cask, 
from  the  top  or  middle  of  the  bung-staff;  and  from  thesQ 
three  lengtlis  the  mean  lengths  are  obtained,  which  are 
also  entered  upon  the  front  heads ;  leaving  room  for  th^ 
oieau  hi^ad  diameters  to  \^  placed  below  them« 
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Lastly,  crofis  diameters  of  the  front  heads  are  taken ; 
their  means  determined ;  and  from  the  mean  diameters  of 
the  two  heads,  the  true  mean  head  diameter  of  esueh  cask 
is  (Stained.  These  mean  diameters  are  put  down  itnrae- 
diatdy  below  the  lengths ;  thus  we  have  on  each  front 
head,  the  length,  the  head  diameter,  the  bung  diameter, 
and  the  wet  inches  of  each  cask. 

The  Officers  then  copy  all  the  dimensions  from  the  heads 
of  the  casks  into  their  books;  and  to  prevent  mistakes, 
they  compare  the  entries  in  their  books  with  those  upon 
^e  casks ;  and  this  completes  the  process  of  taking  the 
dimensions. 

JVote  1.  The  greatest  Accuracy  is  observed  in  taking  the  dimensions 
of  wine  and  spirit  casks  ;  and  in  order  to  prevent  mistakes^  and  pro>^ 
mote  truth,  the  dimensions  of  the  first  Officer  are  citecked  by  those  of 
other  Officers  that  follow  him,  and  take  the  same  dimensions,  by  similar 
ingtrmnents. 

2.  Sometimes  the  staff  opposite  the  bung-hole  is  made  much  thicker 
than  any  of  the  other  staves ;  at  other  times  a  piece  of  wood  is  nicdy 
6xed  upon  it,  in  order  to  lessen  the  bung  diameter  \  such  frauds,  how- 
ever, may  easily  be  discovered  by  drawing  the  Bung  Rod  two  or  three 
times  over  the  bulge  of  the  cask,  in  difterent  directions ;  or  by  com- 
<paring  the  perpendicular  with  the  horizontal  bung  diameter,  after  the 
thickness  of  the  staves  has  been  deducted.  Or,  if  you  bung  the  cask, 
and  turn  it  one- fourth  over,  you  may  take  the  externa)  bung  diameter, 
by  the  Cross  Callipers ;  and  hence  jthe  internal  bung  diameter  may  be 
obtained  by  deducting  twice  the  thickness  of  the  staff  at  the  bung-hole. 
(See  the  next  article.) 

.  3.  The  foregoing  order  of  taking  the  dimensions  of  casks  is  not 
observed  in  all  ports.  Some  Officers  take  the  length  first ;  then  the 
head  diameter ;  and  lastly,  the  bung  diameter  and  wet  inches.  (See 
the  third  Example.) 

To  take  the  Bung  Diameter. 

Jjtty  the  Cross  Callipers  over  the  bungi-hole  of  the  casb 
with  their  legs  downwards^  and  contract  them  yntil  tfaej 
touch  the  bulge  of  the  cask  on  each  side ;  and  you  will 
have  the  external  horizontal  bung  diameter  on  the  stock 
of  the  Callipers^  from  which  deduct  twice  the  thickness 
of  the  staff  at  the  bung;  and  the  remainder  will  be  the 
iptemal  bung  diameter.  Next  take  the  perpendicular 
bung  diameter^  with  the  Bung  Rod ;  and  the  mean  be- 
tween these  two  diameters,  will  be  the  true  diameter  of 
the  cask.    At  the  same  timC;,  by  observing  the  upper  ex< 
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tranity  of  the  wet  part  of  the.Rod>  you  wOl  obtain  the 

«e/  inches,  when  tlie  cask  is  not  full,  which  is  very  often 
the  casei  The  diiTerence  between  the  bung  diameter  and 
the  wet  inches  will  show  the  drv  inches ;  hence  either  tbe 
i9ei  or  ihe  dry  ullage  may  be  obtained.  The  dry  ullage 
taken  from  the  whole  content  of  the  cask^  will  leave  the 
wet  ullage. 

^ok  1.  The  thickness  of  the  staves  or  heads  of  anj  cask  may  ba 
accurately  obtained  by  boring  them  through  with  an  iDstrument  adaiiCad 
for  that  purpose,  called  a  Wood-Gauge. 

?.  Suppose  the  horizontal  hung  diameter  of  a  cask,  as  shown  by  the 

Callipers,  to  be  34.8  inches,  and  the  thickness  of  both  the  staves  14 

iiKbes;  then  34.8  —  1.6  «;  33.2  inches,  the  internal  bung  diauMter  ; 

and  if  the  perpendicular  diameter,  by  the  Bung  Rod,  be  32.6  inckM, 

^      33.2  +  32.6      65.8 
ve  have =:  —  =  3^.9  inches,  the  true  bung  diameter  of 

tbe  cask, 

3.  Here  it  must  be  observed,  that  when  a  cask  is  nearly  full,  and  Urn 
perpendicular  bung  diameter  is  less  than  the  true  diameter^  the  differ* 
ence  must  be  addedl  to  the  wet  inches.  Let  the  wet  inches  ba 
30.T  I  then  as  the  perpendicular  bung  diameter,  in  the  above  Ex- 
ample is  .3  less  than  the  true  diameter ;  we  have  30.7  +  .3  =  31.0 
for  the  true  wet  inches.  If  the  perpendicular  bung  diameter  had  ex- 
ceeded the  true  diameter  by  .3 ;  then  30.7  -  .3  =  30.4,  would  have 
l«en  the  tme  wet  inches ;  for,  according  to  general  custom,  the  wet 
inches  should  always  be  increasedor  decreased  in  the  same  proportion  as 
the  perpendicular  bung  diameter  is  increased  or  decreased  in  finding  tl^a 
true  diameter.  However,  in  Practice,  the  same  number  is  generally 
used  for  both  purposes.         , 

4.  When  casks  are  regularly  made,  and  want  several  inch^  of  being 
full ;  the  foregoing  additions  and  deductions  are  not  always  attended  Id 
in  taking  the  wet  inches. 

To  take  the  Head  Diameter. 
Place  the  lower  edge  of  the  crooked  brass  that  is  on  the. 
end  of  the  Head  Rod,  within  the  chimb  of  the  cask,  dos^ 
to  the  head ;  then  move  the  slide  until  the  brass  index 
intersects  the  ipiddle  of  the  opposite  chimb ;  and  you  will 
liave  the  internal  head  diameter  of  the  cask,  on  the  lower 
line  of  the  stock,  directly  opposite  to  the  index  on  the 

slide.  _., 

Nok,  The  distance  between  the  inside  of  the  chimb  and  the  middls 
of  the  opposite  staff  or  chimb,  will  generally  be  equal  to  the  in- 
ternal head  diameter.  However,  when  the  staves  are  remarkably 
strong,  it  will  only  be  necessary  to  include  one-third  of  ihe  thickness  of 
the  ehirob  in  taking  the  head  diameter.  (See  a  Note  |n  Problem  I,«  Of 
this  Section.) 


7b  faAre  the  Length* 

Lay  the  Long  Callipers  over  the  bung-hole,  with  their 
1^  downwards,  and  contract  them  until  their  ends  come 
in  contact  with  the  heads  of  the  cask ;  and  you  will  have 
the  length  of  the  cask,  on  the  stock,  which  allows  an  inch 
for  the  thickness  of  each  head. 

Again,  measure  other  two  lengths,  one  on  each  side  of 
the  bung,  so  that  three  lengths  thus  taken  may  be  at  equal 
distances  from  each  other ;  divide  the  sum  of  diese  lengths 
by  their  number;  and  the  quotient  will  be  the  mean 
length  of  the  cask. 

If  the  two  heads  exceed  two  inches  in  thickness,  a  de* 
duction  must  be  made ;  but  if  they  be  less  than  two  inches, 
an  addition  must  be  made  for  the  difference,  in  taking  the 
length  by  the  Callipers ;  and  thus  you  will  obtain  the  true 
intmial  length  of  the  cask. 

yoU  1.  Suppose  the  length  of  a  cask,  as  taken  by  the  Callipers,  to  be 
48.6  inches ;  and  let  the  thickness  of  the  two  heads  be  2 A  inches;  then 
46.6  .^  .4  =  48.2  inches,  the  true  internal  length  of  the  cask ;  but  if 
the  thickness  of  the  heads  be  only  1.8  inches ;  then  we  have  48.6  +  ,t 
ef  48.8  inches,  for  the  true  internal  length, 

2.  Before  the  length  of  a  cask  is  put  down  upon  the  fVont  head,  at 
directed  in  the  preliminary  observations,  a  proper  deduction  should  bs 
made  to  reduce  the  cask  to  the  first  variety.  Suppose  the  deduction  to 
be  six-tenths  of  an  inch  ;  then  in  the  first  part  of  the  above  Example, 
^instead  of  four-tenths  we  must  deduct  one  inch ;  hence  the  true  length 
will  be  47.6  inches.  In  the  latter  part  of  the  Example,  instead  of 
adding  two-tenths  we  must  deduct  the  difference  between  two-tentb* 
and  six-tenths,  which  is  four-tenths ;  hence  the  true  length  will  be  48.2 
inches.    (See  the  next  article  for  deductions.) 

^tilowanees  to  be  made  in  the  lengths  of  casks^  in  order 
to  reduce  them  to  the  Jirst  variety. 

It  has  already  been  observed  that  very  few,  if  any  casks 
will  contain  so  much  as  the  middle  frustum  of  a  spheroid; 
and  as  the  lines  on  the  Head  Rod,  for  casting  the  contents 
of  casks,  are  calculated  for  that  variety  only,  it  becomes 
necessary  to  make  such  deductions  in  the  lengths  of  casks 
as  will,  in  the  judgment  of  the  Officers,  reduce  them  to 
the  first  variety,  before  their  contents  are  found.  Now,  as 
casks  imported  from  different  countries  vary  very  much  in 
their  form  and  make,  it  is  necessary  that  those  deductions 
•hould  vary  accordingly ;  hence  such  Tables  of  allowances 
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mheenmnie  by  eiperienoed  Offioen,  and  unctioned 
f  the  Commiaaiona-s  of  the  Custom^  as  wSl^  in  dmr 
Dinion,  effect  the  purpose  for  which  they  are  intendedL 
fie  following  are  the  allowances  mostly  in  use,  in  the 
fferent  Ports  of  the  United  Kingdom ;  these  however,  are 
retimes  varied  at  the  discretion  of  the  Port  Gangers, 
on  whose  skill  and  experience^  much  of  the  accuracy  of 
}k  Gauging  will  always  depend. 

TABLE  OF   DSnUCTIONS* 

Names  of  Casks.  Inches, 

Port  pipes^  about  6^  7«  or  • ••...  0.8 

Lisbon  pipes   • ••..•....  1.3 

Madeira  pipes... • ].3 

Vidonia  pipes  ..•••• • • 0.8 

Mountain  l^utts  0.4 

Nice  butts   2.S 

Sherry  butts    0.7 

Rhenish  half  vats^  or  four  aulms  ..*• •  0.7 

Brandy  puncheons  about  4,  5,  or 0.5 

^am  puncheons  3,  4^  or    ••• 0.5 

jreneva  puncheons,  5,  6,  or  0.7 

iilallipoli  or  Olive  oil  casJ^s  from  0  to    ••••••  1.0 

1.    In  several  Tables  of  aUowamoefl,  1.5  indies  are  pttt'doirii 
t  pipes  ;  but  experience  proves  this  to  be  too  mach. 

eductions  are  seldom  made  for  Port,  Lisbon,  Madeira,  Vidonia, 
Iherry,  and  other  hogsheads ;  as  their  heads  are  not  otften  more 
:ht  oj  nine-tenths  of  an  inch  in  thickness ;  consequently  no 
ns  are  necessary,  because  the  Galltpess  allofip  an  indi  iot  Mch 

Hien  casks  arc  regularly  formed,  there  are  seldom  anj  deduce 
de  from  the  true  wet  inches  of  wine  ahd  oil  casks.  Three  or 
hs  are  generally  deducted  firom  the  true  wet  inches  of  spirit  casks  4 
deductions  are  entirely  at  the  discretk>n  of  the  Ganger.  (See 
s  and  Notes  for  taking  the  Bung  Diameter.) 

rr  THE  CONTENTS  AND  ULLAGES  OF  CASKS  BY  THK 

HEAD   ROD. 


I 


r^  a  cask  to  a  of Under,  by  Jtndlng  a  mean  diameUt* 

RULE- 
eleft  end  of  the  brass  index  wlndi  is  on  titenniddle 
de,  to  tlze  head  (fiametcr  on  the  lowir  line  of  fha 
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■tock*;  and  opposite  the  bung  diasneter  oti  the  sacme  line, 
note  llie  number  on  the  line  marked  spheroid,  -Then  this 
number  being  added  to  Uie  head^  will  give  the'tneen  dia- 
meter ;  or,  opposite  to  this  number  on  the  loafer  line  of  the 
ahde,  we  have  the  mean  diameter  on  the  lower  Hne  of  the 
•todi ;  and  thus  the  cask  is  reduced  to  a  cjlinde^^ 

To  Jmd  the  conUni  from  the  length  and  mean  diameter. 

RULE. 

Set  the  brass  mounting,  or  gauge-point  that  is  at  the 
left  end  of  the  slide  D,  to  the  length  of  the  cask  on  the 
upper  line  of  the  stock  C ;  then  against  the  mean  dismeter 
on  the  Ime  D,  is  the  content  of  the  cask,  in  wine  gallons, 
on  the  line  C 

Note,  The  eontents  of  all  casks  that  hold  less  than  00  gaUlonj, 
are  taken  by  the  Diagonal  Rod ;  and  sach  deductions  are  made  u 
the  forms  of  the  casks  appear  to  warraot  The  mean  eontents  most 
always  be  found  as  directed  in  Problem  VIL;  and  at  tbe  same 
time  the  bung  dianieters  and  wet  inches  must  be  taken,  in  oidcr  tocMt 
the  ullages. 


To  Jind  the  ullage,  from  the  content,  hung  diameter,  and 

fvet  inches. 

RULE* 

Set  the  bung  diameter  on  N,  to  100  on  the  line  of  se^* 
ments  S.  L. ;  then  against  the  wet  inches  on  N,  yon  viU 
have  the  fourth  number  on  S.  L. 

Again,  set  the  fourth  number  on  B,  to  100  on  A ;  then 
aeainst  the  content  of  the  cask  on  A,  is  the  content  of  the 
fiTlage  on  B.    (See  the  Rules  in  Prob.  X.) 

Rbmark. 

The  Head  Rod  being  45  inches  in  length,  is  generally 
thought  inconvenient  for  casting  the  contents  and  uUages 
of  casks.  To  remedy  this  inconvenience,  a  similar  Rod  or 
Sliding  Rule,  24  inches  in  length,  is  generally  used  for 
these  purposes.  <  This  Rule  contains  all  the  lines  that  are 
oa  tb«  Head  Rod ;  but  in  an  abridged  form.    The  line  of 
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iodm  on  the  l«rar  pvt  ctf  the  slack'  comtnencet  at  20, 
and  praoeede  to  44;  that  on  the  ilide,  adjoining  the  Une 
s^itnid,  is  only.  18  invhei  in  length ;  ^  fine  C,  on  the 
upper  put  of  the  stodt,  commences  at  96 ;  and  the  first 
number  oo  the  adjoining  line  D,  im  the  iwer  part  of  the 
slide,  it  18.  The  lines  on  the  other  aide  of  toe  Rule  are 
all  periecL    This  instrument  is  generally  called  a  Jerkin. 


Let  A  B  C  D  represent  a  Port  pipe,  on  tha  Quay,  with 
the  Long  Callipers,  in  the  act  oT  taking  the  len^  of  the 
cask,  over  the  Dung-hole;  and  admit  the  dimensions  to  be 
taken  in  the  order  laid  down  in  the  Preliininary  Obs^rva- 
tioDs,  and  to  be  as  follow;  namely,  tlie  horizontal  bung 
diameter,  including  the  diickaess  of  the  staves  at  the 
bulge,  '34.0  indiea;  the  b«<^  head  diameters  S3.a  «id 
S3.4;  the  penienihcnlar  bmig  diameter  32.6;  the  wet 
inches  28.6 ;  three  length*  49-3,  48.8,  and  48.7 ;  the  front 
tiead  diameters  33.6  aiKl  93.4 ;  the  thiclaipss  of  each  head 
0-8;  the  thickness  ofthe  staff  atthebunghole0.9>  and  the 
deduction  to  be  made  in  the  length,  in  order  to  reduce  the 
cask  to  the  firet  variety,  0,6  inches ;  required  the  true 
dimenaioQs  of  the  cask,  and  also  its  content  and  ullage, 
>n  wine  gallons. 


To  find  $kethi&  dimemkms^ 

Inches. 
JSjtierruU  horiwnUd  hmg  diamglier   «,.        34fXP 
Twice  the  thickness  of  ^  ^jf   .«,;••  1^8: 

Interned  koriiBeniid  huf^  ^&ainder  ••....        32.2 
Internal  perpendicular  bung  ditto  ....•••        52.6 

Xfe'wMfe&y   $)6il8 

True  6ting  (liamef er ••• «        32.^ 

jPTei^  inches ••*«».•«•••«. ..»        28.6 

Bung  diameters  32.6  -«  32.4  deducdoi^  0,2 

Corrected  wet  inches .•••^••.        28.4 


J9ac^  head  diameter  ••• •*.....««,.k  23.2 

Ditto f....*. 23.4 

Dividehy   ^ ^.  2)46.6 

Mesf^&ocifcAeaJi&ime^er  ••»•*«•«.. ....^  23.3 

Fnm<  Aeai{  diameter  •••kk*»««.«* •••  .b. «««  23.6 

JLMttO  ••••«•••««•••••»«•••»•••*«•••••••«••«*•  23*4 

Divide  by 2>17>0 

Mean  front  Head  diameter •••••••#  23.5 

Meanoack  Iiead ditto ..k^.M^.^  Si^^ 

Divide  by 2)46^8 

^  True  head  diameter   « 23.4 


Len^ ....•         49.2 

Ditto 48.3 

Ditto 48^ 

Dividehy   3)146.7 

Mean  length  •  •••• 48.9 

Addition  for  tite  heads  2.0  -  1.6 0.4 

Sum 49.3 

Deduction  for  the  variety ••  0.6 

True  length   .•..* v , 48.7 

jV^.  In  F^aetice^  the  true  dimensioiis  are  found  mentally,  whicfa 
considerably  shortens  the  operation.  (See  the  Method  of  takiog  tbe 
Dimensions.) 
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Length «.«...  48.7 

Head  diameter  •••  23.4 
Bung  diameter  «••  52.4 
Wet  inches .........  28.4 

To  ^n<f  Me  Mean  Diameter* 

Set  the  brass  index  on  the  aUde,  to  the  head  diameter  28.4 
onthe  lower  line  of  the  stock  ;  then  agidnst  the  hung  diame" 
ier  3t4i  on  the  same  line  of  the  stocky  we  have  6.3  nearhf,  on 
ihe  Une  marked  spheroid ;  and  opposite  this  mumber  on  the 
lower  Une  qf  the  slide,  we  have  29J7>  the  mean  diameter,  on 
the  lorver  line  of  the  staeL 

To  find  the  content* 

Set  the  gange-poifU  on  D,  to  the  length  48.7  on  C  ;  then 
against  ike  mean  diameter  29.7  on  D,  is  146  tfery  nearly, 
^Cytheem^eniinwinegtdbms* 

To  find  the  ullage. 

Set  the  hungdsamder  82.4  onN,  to  100  oa  S.  L.  ;  then 
againH  the  wet  mcha  28.4  on  N,  we  have  94,  the  fourth 
number,  on  S,  JD. 

Again,  set  94:  on  B,  io  100  on  A;  then  against  146,  the 

cofUent  qf  the  cask  on  A,  is  137,  the  content  of  the  uUage 

onB.    (SeePrcb.X.) 

Note.  Here  it  may  not  he  improper  to  observe  thit  the  Head  Bod 
wnionly  cast  the  content  and  ullages  of  casks  In  winegi^oiis;  ale 
gallons  being  seldom  or  never  wanted  in  Port  Gauging. 

fiXAM.  2. 

The  following  are  the  dimensions  of  a  Jamaica  rum 
butt,  as  taken  by  the  Callipers,  Bung  Rod,  «id  Head  Rod ; 
Dam^y^  the  external  horizontid  bung  diameter  36.8  inches  ; 
the  back  head  diameters  28.5  and  28.1 ;  the  perpendicu- 
lar  bung  diameter  34.2 ;  the  wet  indies  30.5 ;  three 
lengths  36.4,  S6.3,  and  36.5 ;  the  front  head  diameters 

^  Oo2 
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S8.6  and  28.4 ;  the  thidknam  of  eac^'liead  1.2  ;1  the  thick* 
ness  o^  the  staff*  at  the  bung-hole  1.0;  and  the  deduction 
in  the  lengthy  to  reduce  the  cask  to  the  first  variety,  0.8 
inches ;  required  the  true  dimensions  of  the  cask,  and  also 
its  content  and  ullage,  in  "wine  gallons. 

Ans,  The  true  lemth  is  35.2,  the  head  diameter  28.4^  tht 
bung  diameter  34.5,  Uie  wet  inches  SOJ^,  the  content  127^  '(^ 
the  ullage  121  wine  gallons. 

*  The  following  Table  contains  the  true  dimensions  of  six 
wine  pipes,  from  Madeira ;  being  part  of  the  cargo  of  the 
Mary  Ann  Jones,  of  Newcastle-upon-T^e.  The  dimen- 
sions, contents,  and  ullages,  are  given  as  found  by  the 
Port  Gangers  of  the  Excise  and  Customs ;  and,  by  waj  of 
Practice,  the  Learner  is  required  to  cast  the  content  and 
ullage  of  each  cask  by  the  Head  Rod. 


TABLE  OF  DIMENSIONS,  CONTENTS,  AND  ULLAGES. 

No.- 

1 

Length. 

HeadDia. 

BungDia. 

Wet  Inches. 

Content 

Ullage. 

47.5 

22.4 

•  27.3 

24.7 

107 

105 

2 

46.8 

21.3 

27.9 

25.9 

106 

105 

3 

48.4 

21.7 

27.8 

2&0 

110 

108 

4 

47.2 

22.3 

27.8 

25.7 

109 

106 

5 

47.1 

22.3 

27.5 

25.9 

107 

105 

6 

48.3 

22.3 

• 

27.5 

25.7 

♦I'O 

108 

Note..  The  mean  diameter  of  No.  one,  is  found  to  be  25.8;  of  Noi 
two,  25.9;  .of  No.  three,  25.9;  of  No.  four,  26.1;  of  Nafive, 
25.9 ;  and  of  No.  six,  25.9  inches ;  hence  the  Contents  anB  Ullages  are 
found  as  in  the  two  last  columns  dT  the  above  Table.  ($ee  the  Key  to 
this  Work.) 


flie  M^hod  of  finding  Hie  WH  Vttagea  of  Caiks  hy 
subtracting  the  Dry  Ullages  from  ike  whole  Content. 

It  lias  already  1been  observed  that  the  wet  ullj^ges  of 
casks  may  be  obtained  by  subtracting  tbe  dry  ullages  from 
the  whole  content.  Now,  it  may  be  seen,  by  inspecting 
the  preceding  Table^  that  the  dimensions  and  contents  of 
the  seme  species  of  casks  seldom  differ  much  from  each 
other.  Consequently,  if  we  fix  upon  a  regular  made  cask, 
suppose  a  Fort  pipe ;  and  find  the  contents  of  a  number 
of  dry  ullages,  beginning  at  1  dry  inch,  and  proceeding 
to  5  or  4  inches;  we  may  form  such  a  Table  from  the  re- 
sultSy  as  will  express  the  contents  of  the  dry  ullages  of 
Port  pipes  in  general.  The  process  of  ulli^^ng  may  then 
be  performed  with  ease  and  expedition,  by  subtracting 
the  ullages  corresponding  to  the  dry  inches,  from  the 
whole  contents  of  the  casEs. 

SXAMAC. 

Let  the  lepgth  of  a  regular  made  Port  pipe  be  50,  tbe 
bung  diameter  32,  and  die  head  diameter  23  inched ;  it  is  re- 
quk^  to  £ndtheaxitentof  all  ullages  from  lto4dry  inches. 

By  the  Head  Rod,  the  mean  diameter  of  the  cask  is  found 
io  he  29*3  inckes,  and  its  oontent  146  gallons  ;  then  hy  con^ 
tinuaUy  varying  the  dry  indies,  ne  find  the  fourth  number 
corresponding  to  each  segment;  and  hence  the  content  o^  the 
tillages,  as  in  the  Jblkmng 

TABLE. 


Dry 

Dry 

Dry 

I 

Inches. 

UUae;eR; 

Inches. 

Ullages. 

Inches. 

nnaget. 

1.0 

0.7 

2.1 

2T8 

3.1 

5.8 

1,1 

0.8 

2.2 

3.1 

3.2 

6.1 

1.2 

0.9 

2.3 

3.4 

3.3 

6.4 

1.3 

1.0 

2.4 

3.7 

3.4 

6.7 

1.4 

IS 

2.5 

4.0 

3.5 

7.0 

1.5    1 

1.4 

2.6 

4.3   1 

3.6 

7.3 

'     1.6 

1.6 

2.7 

'4.6 

3.7 
3.8 

7.6 

1.7 

1.8 

2.8 

4.9 

7.9 

1.8 

2.0 

2.9 

5.2 

8.9 

8.3 

19 

2.d 

8.0 

B.5 

4.0 

8.7 

•  •  •  • 

2.0 

2.5   \     •••• 

. ».. 

•*.. 

O  o3 
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In  Poit  Gauging  thecontei^  of  oaaks  at?  always  foundl 
in  whole  numbers  ;  therdEbre^  from  the  piecedmg  Table 
"we  form  the  following  one^  which  is  more  convenient  for 
Practical  purposes. 

A  TABLE  OF  DRY  ULLAGES  FOR  PORT  PIPES. 


Dry  Inches. 

Ullages. 

Dry  Inches. 

Ullages. 

From  1,0  to  1.4 
From  1.5  to  1.9 
From  2.0  to  2.3 
From  2.4  to  2.6 
From  2.7  to  2.9 

■T ^ 

1 
2 
3 
4 
5 

From  S.0  to  3.3 
From  SA  to  3.6 
From  3.7  to  3.9 
From  4.0  to  4.2 

6 

7 
8 

9 

•• a     • ••• 

EXAMPLE. 

• 

The  bung  diameter  of  a  Port  pipe  is  52.4»  the  wet  inches 
28.4,  and  the  content  146  gallons ;  i-equired  the  content 
c^the  ullage  by  the  preceding  Table. 

Here  32.4  ^  £8.4  :=:  4.0,  the  dry  inckei;  opposiietotkis 
number  in  the  last  Tabie,  we  Jind  9  gallons  ;  t^,  146  ^*9 
sx  137  gaUons,  the  content  ^  the  mage,  the  same  as  found 
by  the  aead  Rod.     (See  the  Jirst  Example.  J 

Note  1.  The  last  Tahle  will  answer  very  well  for  Brandy  and  Gin 
puncheons,  and  Madeira  pipes.  It  giv«s  the  true  ullages  of  ail  the 
casks  contained  in  the  third  Example. 

2.  Similar  Tfibles  may  be  easily  calculated  for  aU  other  kinds  of 
casks ;  taking  care  to  make  choice  of  regular  made  casks  from  which  to 
make  the  estimations. 

3.'  If  the  Tables  be  committed  to  memory^  the  process  of  uUi^ng 
may  be  performed  mentally ;  and  thus  the  business  of  Gauging  wtU  be 
greatly  facilitated. 

DIRECTIONS 
For  Gauging  Casks  of  an  irregular  Form* 

Irregularities  in  the  forms  of  casks,  should  be  pnrticu^ 
larly  attended  to,  in  taking  the  dimensions ;  and  such  ad« 
ditions  or  deductions  must  be  made,  as  will,  in  the  opinion 
of  the  Ganger,  reduce  such  casks  to  regular  shapes,  in 
order  that  uieir  contents  may  be  obtain^  with  as  much 
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aocuncy  as  postible.  If  the  middle  diameter  between  the 
bung  snd  head^  be  nearly  equal  to  the  bune  diameter^  the 
cask  is  said  to  be  high^quartered.  When  this  is  the  case, 
two  or  three  tenths,  &:c.  must  be  added  to  the  truelmgth, 
in  order  to  increase  the  content  Qn  the  contrary,  if  a 
cask  appears  to  be  not  sufficiently  curved  in  the  quarters  ; 
then  two  or  three  tenths,  &c.  at  the  discretion  of  the  Offi- 
cer, must  be  deducted  froin  the  true  length,  in  order  to 
decrease  the  content ;  as  it  is  evident,  in  tbe  first  case,  the 
cask  will  contain  more,  and  in  the  second  less,  than  if  it 
were  re|^larly  formed. 

If  a  cask  be  full-quartered,  and  flattened  at  the  bung, 
so  that  the  perpendicular  is  considerably  less  than  the 
horizontal  bung  diameter ;  add  a  few  tenths  to  the  per- 
pendicular bung  diameter,  in  order  to  reduce  the  cask  to 
a  regular  form.  The  general  method  is  to  add  two-thirds 
of  the  difference ;  .thus,  if  the  horizontal  diameter  exceeds 
the  perpendicular  diameter,  suppose  .9 ;  then  .6  must  be 
added  to  the  perpendicular  diameter }  and  also  to  the  wet 
inches ;  and  the  sums  thus  obtained  must  be  considered 
as  the  true  bung  diameter  and  wet  indies  of  the  cask. 

If  the  perpendicular  exceed  the  horizontal  bung  dia- 
meter; then  a  few  tenths  must  be  deducted  from  the 
perpendicular  bung  diameter.  The  general  custom  is  to 
deduct  one^half  of  the  difference ;  thus,  if  the  perpen- 
dicular diameter  exceeds  the  horizontal  diameter,  suppose 
*8;  then  .4  must  be  deducted  from  the  perpendicular 
diameter  and  wet  inches,  in  order  to  obtain  the  true  bung 
diameter  and  wei  inches  of  the  cask. 

Every  other  irregularity  that  may  be  met  with  in  casks, 
must  be  taken  into  consideration ;  and  a  proper  allowance 
made  in  some  cS  the  dimensions.  No  general  Rules  oan, 
however,  be  given  that  will  apply  in  every  case ;  conse- 
quently, much  will  always  depend  upon  the  skill  and  ex- 
perience of  the  Officers. 

Note*  Every  nnjmrly  made  cask  should  be  rolled  over,  before  it  is 
gauged,  in  order  that  the  Officer  may  obtain  a  proper  idea  of  its  shape 
mid  cim'atiire. 
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SECTION  IV. 

THE  BOCTHOD  OF  OAmsn^G  AND  FtXtKO   MALTSTBBS^ 
UTENSILS,  AS   PRACTISED  IN  THE  EXCISE. 


MALT  GAUGING. 


PBELIMINARY    OBSERVATIONS^ 

NoTWiTHBTANDiNO  the  methods  of  finding  the  aretis 
and  contents  of  all  kinds  of  figures^  in  malt  bushels^  have 
already  been  given  in  Parts  IV.  and  V.  of  this  Work ;  yet  it 
is  deemed  necessary  to  shew  the  methods  of  gauging  and 
fixing  the  Utensils  of  Maltsters',  as  prac^sed  in  the 
Excise. 

By  Act  of  Parliament^  Officers  are  to  take  account  €if  all 
grain  making  into  malt,  by  ^oge  only ;  and  estimate  the 
quantity  by  the  Winchester  bushel  of  2150.42  cubic 
inches. 

It  is  also  enacted  that  barley  must  be  under  water,  in 
the  cistern^  40  hours.  In  this  time  it  is  found  by  experi- 
ment to  swell  or  increase  to  about  one^ourik  mate  than  its 
original  bulk ;  consequently,  four  bushels  in  Irventy  are 
allowed  for  Uus  increase. 

From  the  cistern  the  barley  is  removed  to  the  couch; 
and  after  having  lain  there  26  hours,  it  is  deemed  a  floor. 
The  same  allowance  is  made  in  the  gauge  of  the  couch  as 
in  that  of  the  cistern  ;  but  when  the  com  has  been  thrown 
out  of  the  couch  into  the  fioor,  and  permitted  to  grow 
acc(»rding  to  the  regular  custom,  in  making  malt,  it  is 
supposed  to  increase  about  one^Judf;  hence  sm  allowance 
is  made  of  ten  bushels  in  twenty.    . 

It  may  also  be  observed  that  barley  is  first  ganged  in 
the  cistern,  then  in  the  ooucb^  next  on  the  floors  and  lastly 
on  the  kiln. 


(sect,  it.)  malt   aAUGING. 


PROBLEM  I. 

To  gauge  and  fix  a  MaltBier**  ciBiem^  in  the  form  of  a 

faralleiopipedon. 

To  take  the  dimensions* 

Measure  three  lengths  near  the  top^  and  three  near  the 
bottom^  at  equal  horizontal  distances  from  each  other ; 
and  divide  their  sum  by  their  number^  for  the  mean 
length.  Find  the  n^ean  breadth  in  the  same  manner; 
also^  measure  the  perpendicular  depth ;  and  you  will  have 
all  the  necessary  cumensions. 

Nate.  In  the  real  Practice  of  Gauging,  theinean  depth  of  the  grain 
in  a  cistern  is  obtained  by  taking  several  depths,  and  dividing  their 
sum  by  their  number  for  a  mean  depth.  The  most  convenient  number 
of  depths  is  ten  ;  as  the  mean  depth  is  then  obtained  by  removing  the 
decimal  dot  one  place  towards  the  left.  Five  depths,  however^  are- 
generally  thought  sufficient* 

To  find  the  area  and  content* 

fiY  THE  PEN. 

TT 

RULE. 

Multiply  the  mean  length  by  the  mean  breadth ;  divide 
the  product  by  2150.42^  and  the  quotient  will  be  the  area 
in  malt  bu8hels«  Multiply  this  area  by  the  depth  of  the 
cistern,  and  the  product  will  be  the  content.  (See  Tables 
IX.  and  X.  of  Dry  Measure^  and  the  following  Remark^ 
Part  IV.) 

AW.  It  is  scarcely  necessary  to  observe  that  the  content  of  any 
quantity  of  grain  in  a  cistern  or  couch,  may  be  obtained  ,by  multiplying 
he  area  by  the  mean  depth. 

BY  THE   SLIDING   RULE. 

To  find  the  area. 

Set  2150.42  on  A^  to  the  length  on  B;  then  against  the 
breadth  on  A^  is  the  area  on  B. 
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To  find  the  amtertt. 
Set  unity  on  A,  to  tbe  area  on  B ;  then  against  the 
depth  on  A,  is  the  content  on  B. 

Or, 

The  content  may  be  found  by  means  of  the  line  M.  D* 
on  the  Sliding  Rule,  without  knowing  die  area,  thus  ;  set 
tbe  length  on  B,  to  the  depth  <»i  the  line  M.  D. ;  then 
against  the  breadth  on  A,  is  the  cootent  on  B. 


1.  The  length  AB,  of  a  dstem  in  the  form  of  apaal- 
lelopipedon,  is  9^8,  the  breadth  A  E  63.6,  and  the  depth 
B  C  45.3  indiee ;  what  is  tbe  aren  and  cmtent  in  malt 
bu^els  f 


BY  THE  PEN. 

lojind  the  area. 

Inches. 
96.8  len^h. 
6S.6  brtaM. 


Ditiuw  2150.43}6156.4>8(S.863  Imtkds,  ike  ar4a. 
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BT  THK  sumo  KDLI. 

M,B.  LenglL  Breadth.        Area. 

At  2150.42  M  A  ;  9^8  on  B  ::  6S.6  on  A  :  2.86  onB. 

BY  THJB  PEN. 

Ta  Jind  the  eonieni. 

Jiuiikets* 
^SS  area. 
45.3  dep^A. 

858 
1430 
1144  X 

129.558  canknL 


BY  TH£  aUXKNO  RULE* 

Umty^  Area.  Depth.  Cmtent. 

As  I  on  A   :  2.86  onB  ;;  45.3  on  A  ;  129.6  on  B. 

Or^ 
Ijcng^k.        Dep^  '  Bf&utth,        Content, 

As  96.8  on  B  :  45.3  on  M.IX  : :  63.6  on  A  ;  129-6  on  B. 

Toinch  or  tenth  the  foregoing  tisiem. 

Having  found  the  area  of  the  dstem^  in  malt  bushels^ 
-we  may  Hence  easily  fonn  a  Table  by  continual  addition, 
-which  will  exhibit  the  content  at  every  inch  of  the  depth ; 
thus  2.86  -f  2.86  s  5.72^  the  ecmtent  at  2  inches ;  5.72 
^  2.86  r=  ^^,  the  arnteut  at  3  mches^  &c.  &c. 

A  Table^  however,  still  more  useful  in  the  Practice  of 
Gauging,  may  be  formed  by  tenihine  the  dstem ;  and  as 
cisterns  are  generally  more  than  half  full  of  gram,  when 
gauges  are  taken,  it  wiU  only  be  necessary  to  commence 
the  ienthing  at  half  the  p^rpesdicHlar  depth,  and  continue 
it  nearly  to  the  top.  Thus  2.86  x  20  =  57.2,  the  content 
at  20  inches  of  the  depth;  and  2.86  -r  10  =±:  .286,  the 
content «at  one-tenth  of  an  indi;  hence,  57.2  +  -^36  sr 
57.486,  the  content  at  20.1  mches  of  thedqpth;  57.486 
+  .286  s  57.772,  the  content  at  20.2  inches  ^  57.772  + 
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286  -  58.058.  the  oonta*  it  i&S  inAes, ««.  &c.  untd 
wf  hi;*  Sued  th«  process  as  to  «  ^  t^  -eocs- 
Sy^^Key  to  tfcs  Work,  where  the  above  ope«- 
S  utS^tinned  to  25  inAes ;  and  hence  we  form  the 
following  Table  Book. 

A.  B.'8  CISTERN,  No.  1,  TABULATED. 


Tn  this  manner  the  Table  may  be  continued  to  Uie  top 
SeSTand  hence  the^content  ft  «^dept»^  «»- 


S^e^  tale  mlV^iay  be  found  by  inspection. 

EXAM.  2. 

Themean length  <^/Mdte^oJ«n  i^28^^Ae 
mean  breadth  85.4,  and  the  deri^  52.8  mches,  wlutis 
Aearea  and  content  in  malt  busheb*  ^   „^      „ 

ATmarea  is  5.1V:,  and  Ihe  content  iG9.6^nu>U 
huthds. 

EXAM.  S. 

ttow  many  bashds  are  contjdned  in  the  aM,  the 
diSonrSwhicharegiveninti^.laatExample.  when 

Sm5  mean  depth  ofthe  grain  B  48.7  mches? 
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Remark. 

By  Chap.  HS,  Sec  L,  of  a  Statute  made  in  the  53d 
year  of  the  reign  of  George  II I.^  it  is  enacted  that  Malt- 
sters shaD  construct  their  cisterns  in  such  a  manner  that 
the  Officers  of  the  Excise  shall  be  able,  conveniently  to 
gauge,  in  any  part  of  two  sides^  the  com  or  grain  con- 
tained in  such  9i8temf ;  and  if  the  length  or  breadth  of 
any  dstem  shall  exceed  9  feet^  then  the  Maltster  shall 
provide  a  ladder  and  plank  of  sufficient  length  and  strength, 
so  that  by  laying  the  plank  across  the  dstem,  the  Officer 
may  be  enabled  to  take  gauges  in  any  part  Uiereof ;  and 
if  any  maker  pf  malt  shall  n^lect  or  refuse  to  OHnply 
with  die  provisions  of  this  Act,  he  shall  forfeit  S00£. 


^  PROBLEM  IL 
To  gauge  a  couch  of  Malt  contained  in  a  rectangular  frame. 
Directions  far  taking  the  dimensions,  4'c. 

As  a  couch  of  malt  in  a  rectangular  frame,  forms  pre- 
dsely  the  same  figure  of  which  we  have  treated  in  the  last 
Fh>blem,  it  is  manifest  that  the  dimensions,  area,  and 
content  must  be  obtsuned  in  thcLSame  manner.  It  must  be 
obeerved,  however,  that  only  the  length,  breadth,  arid  area 
of  a  couch- frame  appear  in  the  Officer's  Malt  Book ;  but 
in  gauging  and  fixing  a  cistern,  both  the  length,  breadth, 
area,  and  depth  are  Sways  entered. 

Note  1.  Notwithstanding,  a  coudi-lraine  may  be  said  to  be  fixed, 
when  the  length,  breadth,  and  area  are  entered  at  the  top  of  the  Malt 
Book ;  yet  as  the  Traders  sbmetinies  make  alterations,  the  dimensiona 
of  couch-frames  ought  frequency  to  be  examined, 

2.  The  readiest  method  of  obtaining  the  mean  depth  of  grain  in  a 
cistern,  couch,  or  floor,  is  to  choose  some  integral  number,  as  a  mpposed 
mean  depth,  after  having  ascertained  nearly  what  the  mean  depth  will 
be,  from  your  first  or  second  depth  ;  fhen^  add  together  the  number  of 
tmtht  which  each  .depth  exceeds  the  chosen  number;  divide  the  sum  by 
the  number  of  depths ;  and  the  quotient  being  added  to  the  cTutsen 
number,  will  give  the  Irtie  depth  of  the  grain.  Thus,  let  the  cJHuen 
number  or  supposed  mean  dep^  of  a  couch  of  malt  be  24  ixiches ;  and 
^ave^eptHM-Ueoiadifeent  place..  U  243,  24.4.^^ .  *4.9,  «^ 
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84.2 ;  Uien  we  have  (3+  4-fV4'9+2)-^5s85-4-5ss.5; 
hence  24  +  .5  a  24.5  inches,  the  mean  dep^h  of  the  gtmn.  The  whole 
of  this  ptocesa  ma^  aarily  be  pecfotined  meataBy,  aa  yoii  talce  tfa<  fe- 
spactive^epttiftt  Ihii8»8and  4aieT$7aiidt«ial4(14aii40iKe29; 
l6  laid  2  are  25 ;  then  5  in  25»  five  tiinee»  aad  notUng  over  i  hence 
24.5  inches  is  the  depth  requiied. 

'  3.  If  any  of  the  depths  should  be  less  than  the  ^oten  mmiber^  then 
the  defiofsucy  must  be  deducted  fSrom  the  sum  of  the  tenths  alretf  jr  oh- 
tafaod;  ihaa^  if  thsthM  dspth  had  been  2&d«  then  f^tttitfaa  aaust 
h«ve been  taken  from  T  teatibe;  «bA  the  dtl|?wncie  maddiUlne.  fatten 
5  tenths*  which  .must  have  been  added  to  the  (^  twitha  ia  Iba  llNiith 
depth*,  &c.  &c. 

4.  If  the  difibrenee  between  the  dtoun  number  aiMlanj  of  tbe  d^itfas 
be  a»  iadi  or  upwaxds,  it  must  be  reduced  into  tenths ;  th^us^auppose 
the  dllEbwnce  to  ba  1.2;  tfam  liiia asisi  b(i cdM  12  fkhtti,%Br^ 

BZAMPLfiS. 

1.  The  mean  length  of  a.  couch-firaix^  is  126^  the  mean 
breadth  112«  and  the  mean  depthof  the  flrain  20«2 inches; 
required  the  content  of  the  couch,  mmw  bushds. 

BY  THB  PBN, 

To  find  ihe  area  and  cmdaU, 

s  Inches. 

U6  length. 


1112  brettdlk. 


Divisor  2150.42)141  lSf(6.562  area. 

Bttshd^. 
6.56  area^ 
MM  depth. 

1312 
1312 

132.512  conieni. 


BY  TRB  SLIDiKO  IIUI<£U 

M.B.  Length.       Breadth,        Area. 

Asmm^nmh  :  126 on  B*:  112ofiA;  6.50011  B. 


I 


UnUjf^       Ana.  J>ep£tu  OmienL 


1  mA  :  656  «»  B  ; :  ^.8  m  A  :  13S^  911  & 

lo^^         JO^iA^  Breadtik.        C&ntenL 

AitsSpH  B  ;  ;^0.2o«i  M.D.  r:  112  OR  A  ;  152.5  on  B. 

J^to  The  ]i8iigtk  and  farcadth  of  dstenis  are  alwagrt  taken  in  Inclies 
and  tenthtf  but  tlw  length  and  breadth  of  coacfa-fttioiM,  floen,  and 
loins,  are  only  taken  to  the  naaiest  whole  ineh.  Tha  depth  of  tite 
gnio,  hofpever*  in  all  caaes,  is  taken  in  inches  and  tenths. 

2.  The  mean  leogth  of  a  coiieh*fi»me  is  148^  the  mean 
breadth  125,  and  the  mean  depth  of  the  grain  26.8  inches; 
Rquired  the  area  and  content^  in  mah  tnul^ls. 

ifnt.   I%e  mtm  is  8.6D2>  And  the  content  2d0.5Sd6  matt 

3.  How  many  bushels  are  contained  in  the  t;ouch-frame^ 
the  dimenaiona  of  which  are  given  in  the  last  Example, 
when  the  mean  depth  of  the  grain  is  18.7  inches  ? 

Jm.  l6aS57^  iuskelt. 


PROBLEM  UI. 

To  gauge  a  couch  of  MaU^  not  in  a  frame^  hut  laid  upon 
the  floor ^  in  a  equate  or  rectangylar  form^  wUh  one  or 
more  of  its  sides  slanting* 

To  fake  the  dimenskms,  S^. 

Measmpe  aevera)  lengths,  from  which  find  the  mean 
lei^gth,  as  before  directed.  Find  the  mean  breadth,  and 
the  mean  depth  in  the  same  manner;  then  from  these 
dimensions  find  the  area  and  content  as  in  the  foregoing 
Problems. 

NoU  1.  If  both  ends  and  saelea  of  a  couch  of  malt  be  daaied,  the 
lengths  and  breadths  must  be  taken  in  the  IbUowing  manner :  Fix  the 
tape  at  the  umcnnost  shjping  edge  of  one  end,  by  {Mitting  your  dipping 
piece  through  the  ring ;  then  extend  the  tape,  in  a  horizontal  direction, 
to  the  ontennost  riop&ig  ed^of  the  oppoalta  end  of  the  couch,  which 
may  be  found  by  dropj^ng  a  few  graina  of  comi  and  you  will  thus 
have  one  length  of  the  cfittch ;  for  what  is  lost  in  the  len{^  at  one  end, 
wiUteobtaiaiad.  W  extending  the  tape  to  the  sloping  extremity  of  tite 

Pp2 
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other  did.  In  th*  umevDMimett  iod  setonl  other  ifiB|{ths;  taking 
cstfc  to.  fix  the  end  of  the  tape  alt^matf^  «t  the  (MMjpte  ends  of  the 
couch,  bj  whidi  means,  the  necessary  can^^dooaS^  be  nB#de«  vlien 
one  end  dlants  more  than  the  other ;  and  from  theae  lengths^  dctentHne 
the  mean  length  as  before  directed. 

2.  If  one  end  or  one  sidexinly'-bd  sloped^  and  the  other  laid  against 
an  uprigiit  wall  or  partition,  fix  the  end  of  thetape  tiose  to  the  wrfl  by 
the  assistance  of  the  dipping  piece,  as  before  directed ;  and  extend  die 
tape,  in  a  horizontal  direction,  over  the  surfoce  of  the  grain,  to  the  ex- 
trendty  of  the  opposite  sloping  edge ;  then  return  the  tape  to  the  inner 
extremity  of  the  sloping  edge ;  and  the  doubling  of- the  ti^  will  shew 
the  Inogth  or  teeiiUb  ro^piifBd*' 

EXAltPLES.  ^ 

« 

The  mean  length  of  a  couch  of  mi^  ivitfi  akfiiair- ends 

and  sides,  is  found  to  be  96,  the  mean  breadtli  84,  and  the 
mean  depth  32.8  inches ;  required  the  area  and  content  in 
malt  bushels.  ,    j  i     • 


D 


Note.  The  above  perpendicular  section  shows  the  two  sloping  en 
A  B  and  0  D  of  the  couch^  The  Ime  €  m  denotes  the  rod  or  dippmg 
piece  placed  at  the  inner  extremity  of  the  slanting  end  CD;  thie  line 
C  E  represents  the  tape  extended  from  C  to  the  outer  extremity  of  (he 
slanting  end  A  B ;  consequently,  C  £  denotes  one  length  of  the  couch, 
obtatn<3  in  the  manner  durected  in  the  first  Note. 


BY   THE   PEN. 


To  find  the  area  and  eonienU 

Here  96  X  84  4-  2150.42  =  8064  -7-  2150.42  =  3.749i 
the  area  qf  the  couch;  and  3.749  X  22.8  =:  85,4772,  the 
content  in  malt  bushels. 


BY   THE  SLIDING  HULB. 


Length.  Depth.  Breadth,      :  Contmt. 

4s  90  on  B  :  22.8  (w  M.  D.  ::  84  ow  A  :  85.47  o«  B. 


f 
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2*  Ilie  actt  ]«mA  iif  AMiieh  «f  BMik  witb  OM  end  «^ 
one  side  slidttbg,  ^be  othar  being  niaoed  against  two  up* 
r^t  walls^)  is  fbond  to  be  ISB,  the  mean  breadth  115, 
and  the  mean  depth  28.6  inches  ;  required  the  area  and 
content  In  malt  budiels* 

Aas.  The  area  is  1.251,  and  thioonkiU  Wl^dSmaU 
huhdtt 


ffote  1.  The  above  perpendicular  section  exhtbita  one  atoirthy  and 
one  perpendicular  end  of  the  couch.  The  Hne  C  P  vepraicnta  the  t^pe 
extended  hota  C  to  the  outer  extiemity  of  the  riaatiqg  eod  A  B ;  B  fi 
denotes  the  tape  returned  or  doubled  back  horn  P  to  6 ;  hence  the  line 
C  E  represents  one  length  of  the  eonch,  huad  as  dirscled  Id  the 
second  Note. 

t  The  finregoing  method  of  gauging  maH,  may  be  well  applied  in 
taking  malt-stocks,  when  an  increase  «r  decrease  of  dn^  takes  place. 


PROBLEM  IV. 

Ta  gauge  a  coiu)h  of  Malt  either  in  the  form  cf  a  coney 

or  a  tenical  fi'Uiium^ 

To  Jind  the  coffieia  of  a  cone  qf  M(A. 

BULE. 

BY  THX  raw. 

Multiply  the  square  of  the  mean  diameter  of  the  base 
by  the  perpendicular  height ;  divide  I  of  the  product  by 
2738 ;  and  the  quotient  "will  be  the  content  in  meJt 
buabels. 

BTTRK  attOlNa  BOLBw 

As  5£.5d  Oil  t),  is  to  one-third  of  the  perpendicular 
altitude  on  C ;  so  is  the  mean  diameter  on  D^  to  the  coik 
tent  on  C* 

Pp.  a 
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T»  find  the  content  of  a  conical  fnistum  of  Malt. 


BV  TKB  PEN, 

The  content  of  the  frustum  of  a  cone  may  be  fbnnd  by 
Problem  VIII.,  Part  v.;  but  as  this  process  is  thou^t 
too  tedious  in  the  Practice  of  Malt  Gauging,  the  general 
method  is  to  reduce  the  frustum  to  a  cylinaer,  by  adding 
.  the  two  diameto*  together,  and  taking  half  their  sma  for 
the  mean  diameter;  then,  if  the  square  of  this  mean  dia- 
metN  be  multiplied  by  the  perpendicular  height  of  the 
frustum,  and  the  product  divid^  by  S738,  the  quotient 
will' be  Uie  content  in  malt  bushels.  (SeeProb.  IV.,  Part  V.) 

BY  THE  SLIDINO  RULE. 

As  53.33  on  D,  is  to  the  altitude  on  C;  so  is  the  mean 
diameter  on  D,  to  the  content  on  C. 

BXAMPLKS. 

1.  The  mean  diameter  of  the  base  of  a  couch  of  mdt  in 
the  form  of  a  cone,  is  138,  and  its  perpendicular  altitude 
47-8  inches ;  required  the  content  in  malt  busheJs. 


AWa  Tba  drare  figim  ABC  repreanta  a  perpendicular  antkui  a( 
tbc  cone;  and  A  D  and  B  E  two  perpeDdicular  staves  used  in  taking 
th«  dinMnnofia.  Ttw  tine  D  B  deoota  the  t^a  sUctdted  hnriiontilrT 
rrom  on«  suH'  to  the  othei  i  and  faeoce  we  have  the  diaatetcr  A  B. 
Another  diumctu  ot  right  angles  to  A  B,  being  oUniied  in  the  same  wj; 
^FotliMir^  Hnd  the  mean  dlanwter  of  the  erne's  bsae.    T)»Iiiia  A  D 
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and  B  E-ue  e%ual,  to  eaofa  other,  «n4  •!«>  equal  to  the  pevpendlcttiar 

iieight  Cm;  and  in  this  manner,  the  dimensions  of  any  eunical  heap  9f 
grain  may  be  obtained. 


By  THE  PEN.  ^ 

To  find  the  content. 

Here  (138  x  138  X  47.3)  -r  3  «  (19044  X  47.3) 
•f  5  =  900781.2  -r  3  =  300260.4;  and  300260.4^ 
2738  =:  109.664>  ike  ctmimd  in  tnak  ImsheU. 

BY  THE  8UDIN6  RCTLE* 

On  D.      On  C,      On  D.      On  C. 

As  52.32    :    15.8     .T    138    :    IO9M  content. 

2,  The  mean  diameter  of  the  base  of  a  conical  frustam 
f  malt,  is  144,  the  mean  diameter  of  the  top  64,  and  the 
erpendicnlar  height  28.2  inches ;  required  the  content  in 
lalt  bushels,  when  the  figure  is  reduced  to  a  cylinder. 

Ans.  111.399  bushels. 

Remark. 

In  order  to  have  a  check  upon  the  method  of  gauging 
alt  when  in  the  form  of  a  cone  or  a  conical  frustum,  we 
St  gauged  a  couch  of  malt  in  a  rectangular  frame ;  we 
en  had  it  thrown  out,  and  formed  it  into  a  conical  shape; 
d  after  taking  the  dimensions  and  casting  the  content, 
th  the  ^eatest  accuracy,  we  found  that  the  gauge  was 
'  little  by  about  6  bushels.  This  being  the  case,  we 
nd  it  necessary  to  increase  the  dimensions  a  little,  by 
asuring  to  the  very  extremities  of  the  base  and  top  i 
I  the  dimensions  thus  taken  are  given  in  the  first 
imple. 

Ve  then  formed  the  heap  of  grain  into  a  conical  frustum 
ievellin^  its  top.  This  operation  of  course  increased  the 
e  diameter  a  httle ;  but  notwithstanding  this,  the  Gon« 
:  obtained  from  the  dimensions  of  the  frustunx  reduced 
i  cylinder,  was  some  bushels  too  little;  hence  we 
id  it  necessary  again  to  increase  the  dimensiwA.  The 
eased  dimensions  are  given  in  the  second  Example; 
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and  die  content  6blaiiied  ftdm  thMe  cKiaciis^^ 
tbeMoneasduit  fimnd  when  the  gndn  was  guiged  faia 
couch-firame. 

The  reason  why  the  ocmtenU  found  from  the  tnte  diinen* 
aions  of  the  cone  and  the  conical  finiatuni»  were  less  than 
the  content  fimnd  flmn  the  dimenakini  taken  in  the  oovich 
frame,  appeured  evident ;  for»  notwitfaatanding  we  took 
ccMDsidendMe  pains  in  sluiphig  the  cone  and  fhutom,  yet 
their  aides  always  formed  curved  linesj  instead  of  straight 
lines,  in  consequence  of  the  grtins  of  oom-adheiiiig  to 
each  other ;  hence  it  is  manifest  that  the  contents  of  cones 
and  conical  frnstnma  of  malt  will  always  be  too  Htde, 
when  found  from  the  true  dimensions;  because  those 
dimensions  will  only  give  the  true  contents^  whmthe 
sides  of  the  figures  are  straight  from  the  top  to  the  bottom. 
(See  the  Definitiona  of  the  Cylinder  and  Ccme,  Part  V.) 

,  Note.  From  the  fimgoiqgobierYataoiis,  it  appeHSevMait  that  oooch^ 
f rameB  0ug|it  always  to  be  used,  ia  order  to  obtsuci  the  true  coient  ef 
gnan  mokiog  into  malt;  for  all  gauges  taken  of  grain  not  »nfi"— i*  in 
frames,  are  more  or  less  UaUe  to  error. 


PROBLEM  V. 

To  gauge  a  rectangular  fioor  of  MaU. 
JUrtdumi  for  taking  the  dimefmm»,  4^* 


Find  the  mean  length,  breadth,  and  depths  as  direeted 
in  Problem  IIL  ;  and  from  these  dimenaionsy  findthearca 
and  content,  as  directed  in  the  first  ProUem  of  this  Sec- 
tion. Or,  multiply  the  length,  Inreadth,  and  depth  con* 
tinually  together ;  divide  the  last  product  by  2l50«4Sy  and 
the  quotient  will  be  the  content  in  malt  bushels. 


BT  TMXSLIMNO  RtLB« 


Aa  the  length  en  B,  is  to  the  depth  <mMD;  so  k  tlie 
faveadth  on  A*  to  the«content  on  B.  Or,  as  the  Itfeadth 
onB,  ieio  the  depth  on  MD;  to  is  the  length  on  A^  to 
the  centait  on  & 
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Ntfyi  1»  In^Pmecke,  the  contents  of  raiall  floors  of  malt  may  always 
be  detsenoiiiecl  by  the  Sliiwg  Ruk ;  hot  when  a  floor  exceeds  200 
bushels,  then  the  Pen  ought  invariably  to  be  used ;  because  the  tenths 
from  %Xo5.,  on  the  lines.  A  and  B,  are  only  divided  into  two  parts  each; 
biit'  di%e"':fr6m^1  to?,  are  each  divided  into  five  parts;  hence  the 
conUBttif  a  fldormay  be  pretty  correctly  estimated  by  the  Sliding  Rule, 
wfaea^ikr  fa  oadBr  800  basbd&  It  may*  aiao  be  observed  tbat  /cwr> 
^i9i;ge»',mosk  always  he  oast  by  the  Pen,  whatever  be  their  contents. 

%»  Xhe  breadths  of  malt-floors,  are  generally  fixed  dimensioiis ;  and 
should  be  placed  upon  some  conspicuous  part  of  the  malt-house. 

EXAMPLES. 

1.  The  mean  length  of  a  floor  of  malt  is  %9.^,  the  meaii 
breadth  ^t4^,  and  thexAean  d^ptli  of  the  grain  5.6  inches; 
required  the  content  in  malt  bushels. 

BY  THE  PEN. 

To  find  the  content. 

Inches, 

329  length. 
242  breadth. 

658 
1516 
658 

7961 8  product. 
5.6  depth. 


4777O8 
398090 

Dttfuor  2150.42)445860.8(207.33  oonf/enf. 

BY  THE  SUDINO  RtJLE. 

Length.        Depth.  Breadth.  Content:    , 

As  329  onB  :  5.6onM.D  : :  242  on  A  :  207.3  anO. 

Or, 

Breadth.        Depth.  Length.  Content. 

As24^2onB  I  5.6  wi  M.  D  ;:  329  on  A  I  207^«»B: 

Note.  Some  experienced  Oflacers  think  the  latter  method  of  casting 
the  content  by  the  Sliding  Bute  is  more  convemeqt  than  the-fArmer ;  it 
is  best^  however,  to  cast  the  contents  of  all  floors  by  both,  methods  j  be* 
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cause  one  method  then  serves  as  a  t«oof  fot  the  other;  eooaemgtiWt 
any  error^coimnittecl  in  the  first  operetioD  iriU  be  detected  m  toe 
second. 

d.  The  mean  length  of  a  floor  of  malt  is  4SS,  the  meas 
bretdtji  218,  and  ti^  meaa  depth  of  the  grain  5Jd  Indies; 
.required  the  content  in  malt  bushels. 

Ans.  229.8II  hiakds. 

S.  The  length,  breadth,  and  depth  of  a  floor  of  malt 
measure  485,  224,  and  3.4  indies  respectively ;  what  is 
the  content  in  malt  bushels  ?         Ans.  17K769  busheU- 


PROBLEM  VL 

To  find  the  content  of  a  rectangular  fi^or  of  MaU  by 

ahoiher  method. 

RULE. 

Multiply  the  leneth  of  the  floor  bjr  half  the  breadth,  or 
the  breadth  by  half  the  length ;  and  point  off  three  ^^ 
as  decimals.  Then  multiply  the  number  thus  obtained 
bjT  the  depth ;  and  this  product  by  .93 ;  and  you  will  ob« 
tain  the  content  of  the  floor,  in  malt  bushels. 

Note  1.  If  the  length  of  a  Aoor  be  mcdtiplied  by  half  the  fareadth,  or 
the  breadth  by  half  the  length,  and  this  product  I^  the  depth;  the  last 
product  will  give  the  content  of  the  floor  7  bushels  too  much,  in  evoy 
hundred ;  care  however  must  be  taken  to  point  off  three  figures,  as 
decimals,  before  you  multiply  by  the  depth.  Thus  it  appears  that  the 
true  content  may  also  be  obtainoi  by  subtraction  ;  for»  if  the  falte  con- 
tent be  multiplied  by  7;  the  prodnct  divided  by  100;  and  thetiuotint 
subtracted  from  the  ybZns  content,  the  remainder  wfll  be  the  irw  eon- 
tent  of  the  floor. 

3.  If  the  malt  divisor  had  been  8000,  the  length  multiplied  by  half 
the  breadth,  and  three  figures  pointed  off,  as  deeimala,  would  have  given 
the  true  area  of  the  floor;  for  thia  process  is,  in  eflbct,  the  seme  as 
dividing  the  product  of  the  length  and  breadth  by  8000 ;  bat  si  the 
malt  divisor  is  8i5a48,  it  is  evident  that  the  above  method  will  always 
give  the  area  too  much ;  hence  the  necessity  of  the  deductiOD  men- 
tioned in  the  first  Note. 

3.  If  either  the  length  or  breadth  of  a  floor  be  fl5  indiea*  then  the 
other  dimension  will  be  the  area  of  the  floor,  when  om  figiveis  p0in^ 
off  as  a  decimai;  eoneequently,  if  this  area  be  moltipl&Bd  by  thedipt^ 
the  product  will  be  the  true  content  of  the  floor,  in  malt  biisbds. 
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4.  When  iMlf  tlw  l«Bgth  or  hair  UM  kmrith  of  a  floor  of  maU,  is 
120,UQ,10Ok00^8O»*e.*c.  the  product  of  the  oUmt  diomioii  and 
any  of  these  mimben  maj  easily  be  obtained  mtntaUif  $  tbaa  thiee 
fipires  bslqg  cut  off,  as  dadmalB,  theremaiBder  may  also  be  mnltulied 
bjr  the  depth ;  and  thus  you  will  obtain  the  fike  content  of  tha  floor. 
Lastly,  multiply  thb  content  by  7 ;  cut  off  two  fignns  tor  decimals ; 
subtract  the rsowinder  ftom  the^Uie  content;  and  you  will  obtain  the 
trtiff  eontent  of  the  floor,  wRhout  using  eitlicr  the  Pen  or  the  Slidng 
Ruk. 

EXAMPLES. 

1.  The  length  of  a  rectangular  floor  of  malt  is  3^9,  the 
breadth  S42>  and  the  depth  5.6  indies ;  required  the  con- 
tent in  mah  bushels. 


BY  THE  RULE. 

Inckis. 
S29  length. 


121  lu^  the  breadth. 


929 
65S 

329 

39*809  product, 
5.6  depth, 

258854 
199045 

222.9304  product, 
.93  factor. 

6687912 
80063736 

207.325272  conieiU. 


BY  THE  PIR8T  KOTE. 


Mere  329  X  t^t  x  5.6  s  222.930    the  false  content. 
222.93  X  7  ^  1  ^60.S\  _    1 5.605  ^  the  deductim. 
100  100    ""  207-325    the  true  content. 
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2.  The  length  of  a  floor  of  loalt  is  435^  the  breadth  218, 
and  the  depth  5.2  inches ;  what  ia  the  content  in  malt 
bushels  >  Ans.  SS9.298  bushds. 

3.  The  length  of  a  floor  of  malt  is  2 15,  the  breadth  186, 
and  the  depth  6.7  inches ;  required  the  content  in  malt 
bushels.  Ans.  124.62  hushels. 

4.  The  length  of  a  floor  of  malt  is  250^  its  breadth  100, 
and  its  depth  6  inches;  it  is  required  to  determine  its 
content  men//i%.  Ans.  69*75  hushels,  nearly. 

Remark. 

The  methods  given  in  the  last  Problem,  for  finding  the 
content  of  a  floor  of  malt,  are  extremely  simple;  and  may 
be  of  considerable  service  to  young  Officers^  as  a  check,  in 
making  compares  with  preceding  gauges,  when  a  flcxir  is 
found  very  irregular  in  its  dimensions.  Tliis  compare 
ought  to  be  made  before  the  dimtosions  of  the  floor  are 
entered  in  the  ■  Malt  Book ;  and  if  anv  error  has  beea 
committed^  it  must  be  immediately  rectified^  by  re-taking 
the  dimensions  with  greater  accuracy. 


PROBLEM  VII. 

To  gauge  andrfix  n  rectangular  MalUkiln. 

Directions  for  taking  ike  dimensions,  <^. 

Find  the  mean  length  and  breadth  of  the  kiln^  as  before 
directed;  then,  multiply  the  length  by  the  breadth; 
divide  the  product  by  2150.42 ;  and  the  quotient  will  be 
the  area  in  malt  bushels.  Multiply  this  area  by  the  depth 
of  the  grain,  and  the  product  will  be  the  content. 

BY  THE   SLIDING   RULE. 

As  2150.42  on  A,  is  to  the  length  on  B;  aoisthe 
breadth  on  A,  to  the  area  on  B  ;  an4  as  unity  on  A,  is  to 
the  area  on  B ;  so  is  the  depth  on  A,  to  the  content  on  6. 

N^ete  1.  The  entrance  to  a  malt-kiln  u  genenlly  fhnn  an  adjoioiiV 
room  \  sametimesy  how€Ver>  the  weU-hole  of  the  stairs  which  ktd  to 


f 
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tte  kiln,  ibtxiM  aa  openkig-or  aperture  In  acorpetilf  the'kilD«>floor|.iA 

this  eaie,  either  tVe  area<of  the  well-hole  must  be  deducted ;  or  which  ifi 
better,  divide  tl|e  area  of  the  well-hole  by  the  breadth  of  the  lulo ;  de* 
duet  the  qiMtkne  from  tbe  length ;  and  the  remainder  will  be  the  true 
ieogtii  required.  This  Rule  is  formed  on  the  weU-known  principlif, 
that  the  area  of  a  rectangle  divided  by  one  of  its  iUmensions,  will  give 
the  other  dimension.  One  of  the  dUnensiona  of  the  copper-back«  in 
Prob.  IV.,  Sect  I|.,  might  have  been  reduced  in  this  manner. 

2.  It  ia  acaveely  necessary  to  observe  that  malt  shoold  be  in  a  raw 
state,  or  nearly' so,  when  gauged  on  the  kiln*  or  the  content  cannot  bt 
expected  to  c^'inpare  well  with  the  preceding  gau£^ .      .         ,    -     t' 

&  lie  lengths  and  breadths  4>f  ihalt-kfln  floeia,  ate  fixed  dimen- 

sioDs;  and  should  be  placed  in  some  conspicuous  part  of  malt-kilni. 
The  dimensions  and  area  must  also  be  entered  at  the  top  of  the  malt 
book. 

EXAMPLES.  ^ 

•  >  •       .        * 

1.  The  length  of  a  rectangular  malt-kiln  is  212^  and  its 
breadth  203  inches ;  required  the  area  in  malt  bushels. 

bV  the  pen. 

ITo  find  the  area*  < 


»  'i 


Inches* 

212  length,  '    "       ' 

203  breadth. 

42^  Area. 

iHwor  2150.42)43036.00(20.012  busheb. 

br  THE  suDiNa  rule. 
M.  B.  Length,        Breadth.        Area^ 

i4*2i5o.42»i A.2  ai2c»ifi  ::  203  011 A :  2aoia»a 

2.  If  the  depth  of  the  grain  on  the  kiln;  the  dimensjons 
of  which  are  given  in  the  above  Example,  be  4.7  incftes  ; 
requifed  the  content  in  malt  bushels.         _  . 

Ans.    94.0564  bushels,  : 

3.  The  length  at  a  rectangular  malt-kiln  is  236,  and  its 
breadth  212  inches;  the  length  of. the  well-hole  for  the 
stairs  is  60,  and  its  breadth  30  inches ;  required  the  ttuc 

Qq 
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length  of  diekilri^  bohb  to  make  a  dedaetkm  Sot  the  well- 
hole  ;  and  also  the  area  in  malt  bushels. 

AnM,  Tketrue  length  is  229  inches,*  andthe area 22.576 
maUbusheU^  i 

Remark* 

The  areas  or  contents  of  «ny  figures  not  treated  of  In 
the  pieoedinff  Problems^  may  be  found  by  the  reqiective 
Problems  in  Parto  IV.,  or  V. ;  and  should  adstem  be  met 
with  in  the  form  of  the  frustum  of  a  cone  or  p3manid,  it 
xBUit  be  gauged  as  directed  in  the  £rat  Section  ef  Part 
VL 

PROBLEM  Vin. 

To  find  whether,  the  duty  will  arise,  from  the  cigtem, 

the  couchf  or  the  floor, 

RULE. 

The  duty  is  always  charged  upon  the  best  gauge  of  the 
cistern,  CoUCh,  or  floor;  and  in  order  to  find  firom  which 
of  these  the  charge  will  arise,  without  reducing  them  to 
net  bushels,  proceed  thus :  Multiply  i^e  best  gauge  of  the 
cistern  or  couch  by  1.6;  and  if  the  product  exceed  the 
floor  bushels,  the  charge  must  be  made  from  the  cistern  or 
coudi ;  but  if  not>  the  charge  must  be  made  firom  the 
floor, 

Ifate  I.  If  cistern  oi'  coudi  btisbels  be  mtdtltilled  by  .9,  tiie  pradhjct 
will  be  net  bushels  $  but  floor  bushels  must  be  multipUed  by  .5,  in  onler 
to  reduce  them  to  net  bushels*    (See  J^vliiBiiiaiy  Observationt.) 

t.  If  floor  bush^  be  muUipUed  by  .625,  the  product  win  becfston 
or  couch  bushds. 

J.  The  aboive  Saclton  are  obtained  bjr  the  fiiiUilwibg  FMfmtfanii 

f90  :  le  : :  1 1  ^8^  fiir  redudi^  dstem  or  eoiich  bqabd*  to  net 
busbelsb 
1  20  :  10 : :  T  :  .6  for  reducing  floor  busfaeli  to  net  bushels. 


•6 :  .8  :  i  1 :  1.6  for  redvtdog  tSatetn  dr  oolidi  bushels  t* 

bushels. 
.8  :  .S : :  1 :  .0^5  for  reducing  floor  bushels  to  dstem  or  conch 
^  bushds. 

,    4.  When  barley  is  much  damaged,  it  loses  part  of  its  tegetatire 
quaUir«    Under  such  a  drcumstance,  the  best  floor-gauge  wlU  some- 
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T  ^  not  advaiiee  much  more  than  oncllftli  above  the  d»y  huky* 
When  thU  is  the  cate»  tlw  MMB  ooglit  to  be  aM%iMd  ia  Ibt  Malt  B«ri^ 


SZAMl'IJBS. 

1.  The  best  dstem-gauge  is  129.6,  the  best  couch-gauge 
152.5,  and  the  best  ffoor-gauge  207.S  bushels;  from 
which  of  these  gauges  will  5ie  charge  of  the  duty  arise  ; 
and  whrt  are  the  number  of  net  bushels  ? 

Buskds, 
132.5  oouck'mige. 
1,6  mulH^ier. 

7950 
1325 

212.00  product. 

Here  the  number  of  bushels  obtained  by  multiplying 
the  CQUcb-gauge  by  1.6,  exceeds  the  numl)er  oT  floors 
buahels ;  hence  the  charge  will  arise  from  the  couidi. 

Bushels. 
152.5  couch  lushels. 
•8  mubipUer* 

8&QQ  produci. 

Here  the  net  bushels  are  86,  the  number  upon  which 
the  duty  must  be  charged. 

2.  If  the  best  cistern-gauge  be  68.4,  the  best  coudi« 
gauge  69.8,  and  the  best  floor-gauge  112.^  bushels ;  from 
which  will  the  charge  of  the  duty  arise ;  and  what  lyre  the 
numberof  net  busMs  ? 

Ans.  The  charge  cf  the  duty  mil  arise  from  the  Jloor  i 
and  56.3  are  the  net  bushels  upon  whkh  toe  duty  must  be 
charged. 

Nokk  Here  it  may  be  proper  to  observe  that  the  malt-duty  is  always 
charged  upon  the  net  bushels  and  tenths  of  a  bushel ;  and  when  the 
Mcond  place  of  dedmals  is  five  or  above,  the  first  is  palled  one  more  $ 
but  when  the  sedond  phice  Is  under  five  it  is  rejected* 

Qq2 
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{part  ti.) 


A  SPECIMEK  OF  A  DIMENSION.  BOOK, 

Containing  the  Dimentions  and  Contenis  t^  all  the    Catts 

gtwM  in  ProbUmt  IIL,  IF..  V.,  and  VI.,  of  Coat 

Gauging. 


V- 

11. 

B.|. 

Con. 

^^'■ 

H. 

B. 

.|c. 

1 11 

S7.0 

3fi.O'  +S.0l 

lan 

s  a 

?7.(1 

nfi.o 

45.0  1S9 

f  I 

Vi.h 

30.91  M.l 

ItlH 

i(  -1 

l-t.!. 

H(l.) 

M.T103 

;(l  1 

ii.* 

86.2;  32.S 
83.*  iT.T 

.I.-. 

n  H 

J-l.^ 

i-fi.? 

32.S    52 

*l  1 

IH.h 

S« 

IS  « 

IB.ti 

/H.) 

27.7  as 

s\v 

V7.I 

Sfl.O  *fi.( 

rw 

S7.0;  36.( 

45.(   126 

k\v 

n.i 

30.9  46.' 

IflT 

g4.fi'  30 ! 

4«.Til01 

IT. 

26.3  38.5 

.i4 

,1.'.  t 

?1.4'S6.?',38.S|   .51   1 

ly.i 

23.1.,  37.7!    37 

\U.u.2^.\;i-;.-.    :V,  1 

Note,  ThfMG  Officer*  who  bi«  in  the  habit  oF  gauging  Victnillcn' 
Casks  as  being  of  the  first  vsiietj,  inTarisbly  find  that  the  gnuge  ot  the 
tiinndge,  in  the  cmsks*  exceeds  the  gauge  cpf  the  wort  in  the  guile-tdiL 
This  ^  another  prooT  that  casks  are  alwajB  less  than  the  fint  viriMy— - 
(See  Remtkc  on  Caak  Gaugjngi) 


A  SPECIMEN  DP  A  DIMENSION  BOOK, 

Containing  the  Dimentitm*  and  Areat  of  the  Malt  Citftnt 

and  Kilnt  given  in  ProUm*  I.,  and  VII.,  of  Matt 


Malt  CisternB. 

Malt  Kilns.             1 

No. 

D. 

t 

B. 

Areas. 

No. 

L. 

B. 

Areu. 

1 
2 

45.8 
52.8 

96,8 
ISS.6 

6S.6 

2.86 
Ml 

' 

S 

21s 

229 

203 
21a 

«0.01 

22  .$& 
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SECTION  V. 

TiTB  IIXTHOD  OF  GAU&INa  AND  INCXIKG   DiKTIIrLBXft* 
UTBNSILS^  AS  FBACXISSD  IN  THE  EXCISE. 


DISTILLERY. 


PRELIMINARr  OBSERVATIONS. 

It  being  a  dutjr  incombeiit  upon  Officers  of  the  Excise 
to  do  the  utmoft  justice  between  the  Revenue  and  the 
Trader^  they  ought,  on  afl  occasions,  to  take  the  dimen- 
sioasy  uid  find  the  «eas  snd  contents  of  the  vessels  they 
gauge,  with  the  greatest  accunurf.^  If  this  be  necessary  in 
the  ord^Qary  coarse  of  business,  it  is  still  more  so,  when  an 
Officer  has  to  gauge  and  inch  the  Utensils  of  Distillers ; 
becaose  the  duty  on  a  gallon  of  Spirits,  is  high  when 
compared  with  that  on  a  gallon  of  Ale ;  hence,  small 
errors  in  the  dimensions*  areas,  or  contents  of  Stills, 
Wash-backs,  Jadk-backs,  &c.  will,  by  a  constant  repetition, 
leul  to  very  serious  results. 

Some  Writers  on  Gauging  affect  to  divide  Stills  into 
different  mathematical  figures,  and  find  their  contents 
accordingly  ;  thus,  the  n^ppet  part  of  a  Still  they  suppose 
to  form  the  frustum  of  a  sphere;  the  middle  part  the 
frustum  of  a  spheroid;  and  the  bottom  they  take  as  the 
segment  of  a  sphere ;  but  it  is  more  than  probable  that 
there  never  was  any  Still  made,  the  parts  of  which  exactly 
corre^Kioded  to  these  figures ;  consequently,  this  method 
of  Gauging  must  be  subject  to  considerable  inaccuracy. 
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We  have  no  hesitation  m  aajmg  that  the  same  method  we 
have  adopted  in  Gauging  Coppers,  may  be  equally  well 
applied  in  Gauging  Stills ;  and  will  be  found  much  more 
accurate  and  practical  than  the  abstruse  method  of  dividing 
them  into  different  Parts,  without  any  possibility  of 
proving  the  existence  of  those  Parts>  either  by  comparison 
or  by  Mathematical.  Rules. 

Still-heads  are  also  divided,  by  the  same  Writers,  into 
various  matbemadeal  figures ;  namely,  ijie  upper  and  lower 
parts  are  considered  to  form  spheriod  frustums,  and  the 
middle  part  is  taken  as  the  middle  frustum  of  a  spheroid ; 
but  we  object  to  this  method  of  division,  on  the  same 
grounds  as  we  do  to  that  of  the  StiU.  The  content  of  a 
Still-head,  at  every  inch  of  its  perpendicular  depth  is 
never  wanted,  but  merely  the  content  of  the  whole  nead; 
hence,  we  are  of  opinioh  that  a  more  accurate  and  practical 
Rule  cannot  be  devised  than  that  which  we  have  given  in 
Prob.  XX.,  Part  V. 

We  also  conceive  that  die  method  of  Gauging  oval 
Wash-backs,  and  Jackrbacks,  by  means  of  equidistant 
ordinates,  is  very  imperfectly  treated  by  most  Writers  on 
Gauging ;  as  they  have  neither  elucidated  the  Roles,  nor 
applied  them  to  Practice,  in  such  a  manner  as  to  be  com- 
prehended  by  the  genehdil^  of  Readers.  We  trust  that 
the  Rules,  Remarks,  and  Examples  we  have  given  in 
Prob.  XX.,  Part  IV.,  together  with  their  Practicfd  Appli- 
cation in  this  Section,  will  give  general  satisfaction,  not 
only  to  Masters  of  Seminaries^  but  also  to  Offioors  of  the 
Excise. 


.    PROBLEM  I. 
Ta  gauge  and  inch  a  Wash^SiiU^ 

EXAMPLES. 
EXAM.    1. 

Let  the  following  figure.  A  B  C  D  represent  a  Wash- 
Still  ;  it  is  requited  to  gauge  and  inch  it,  for  dry  inches, 
as  pracjtised  in  the  Excise.  * 


f 
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To  take  the  SimenaMt.  ■ 

Lsy  a  straght  rod  diametrically  across  the  top  of  tlie 
Still;  let  fall  a  plumb-line  from  Uie  middle  of  the. rod  at 
E,  to  the  centre  of  the  crown  at  G ;  measure  E  G  =:  61 ; 
alw  measure  E  F  =  5 ;  then  6l  —  ^  =:  5fi  inches  =  F  G, 
the  depth  to  be  tabulated. 

Neit,  measure  the  diameter  A  B  =  28 ;  quarter  the  top 
f£  the  Still ;  place  a  lighted  candle  upon  the  centre  of  the 
crown  at  G  ;  suspend  a  plumb-line  successively  from  the 
tour  quartering  points ;  darken  the  top  of  the  Still ;  and 
trace  the  quartering  lines  down  its  aides  by  the  shadow  of 
the  plumb-line. 

Lkstly,  measure  cross  diameters  in  the  middle  of  every 
4,  6,  or  S  inches;  from  these  cross  diameters  find  mean 
diameters ;  and  enter  all  the  dimensions  in  a  Note  Bo6k, 
as  directed  for  the  copper,  in  Prob.  II.,  Sect,  II.,  Part 
VI. 
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NOTE  BOOK. 

1      A.B.'*   Wask^SiUl,  No.  1,  gauged  Dec.      1 

8ih,  1821. 

Divisions   Depths  ( 

Sum 

in 

from  the 

Cross 

of 

Mean 

Inches. 

Top* 

Diameters. 

Ditto. 

Diametexa. 

1 

28.2 
38.2 

27.8 
37.8 

56.0 
76.0 

28.0 
38.0 

AB 

a  a 

""4    " 

2 

4 

6 

46.6 

46.2 

92.8 

46.4 

hh 

4 

10 

53.8 

53.4 

107.2 

53.6 

c  c 

8 

16 

58.7 

58.3 

117.0 

58.5 

dd 

8 

24 

61.6 

61.2 

122.8 

61.4 

ee 

8 

32 

63.0 

ez.6 

125.6 

62.8 

hh 

8 

40 

61.8 

61.4 

123.2 

61.6 

kk 

6 

47 

58.4 

58.0 

116.4 

58.2 

m  m 

6 

53 

54.2 

53.8 

108.0 

54.0 

n  n 

56 

52.6 

fiQ.9 

104.8 

52.4 
46.0 

r  r 
CD 

%^\^ 

%^^0m^^^    ^^w^-'w^ 

Height  of  the 

Crown. 

5.0 

To  ^find  the  area  and  content. 
RULE. 

Find  the  area  corresponding  to  each  mean  diameter^  in 
the  Table  of  Wine  Areas,  Part  VII. ;  then  multiply  each 
area  by  its  respective  depth ;  and  the  sum  of  the  products 
will  be  the  whole  content  of  the  Still. 

Nok.  The  content  of  the  liquor  to  cover  the  crown,  ruay  be  found 
hy  any  of  the  Rules  given  in  Prob.  IL,  Sect  II.,  Part  VT. 


DIMENSION  BOOS. 

Having  found  the  areas  of  the  several  Sections^  and  the 
contents  of  the  different  Divisions,  we  hence  form  the 
Dimension  Book  as  follows. 
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A.  B:*  Wask^Sm,  No,  h  gauged  Dec. 

m,  1821. 

Divisions 

Depths 

Mean 

Areas 

Contents 

in 

from  the 

Dia- 

in 

in 

Inchcvi. 

Top. 

meters. 

Gallonfti 

Galloiw* 

4 

^ 

88.0 

4.910 

19^640 

4 

6 

46.4 

7.820 

29.280 

4 

10 

53.6 

9.768 

89072 

8 

16 

58.5 

11.686 

93.088 

8 

24 

61.4 

12.818 

102.544 

8 

52 

62.8 

18.409 

107.272 

8 

40 

61.6 

12.902 

103.216 

6 

47 

58.2 

11.517 

69.102 

6     1     53 

54.0 

9.914 

59.484 
22.000 

56      Depth. 

Crown  per  Meas. 

Whole  Content. 

644.698 

To  taivkUe  the  Jbregoing  Wath-StiB  for  Dry  Inchet, 


RULE. 

From  the  whole  content  in  wine  gallons^  subtract  the 
area  of  the  first  Section  ;  ^nd  th^  remainder  will  be  the 
content^  when  one  inch  is  dry.  From  this  remainder^  sub« 
tract  the  same  area,  and  you  will  obtain  the  content  when 
two  inches  are  ^dry.  Proceed  in  this  manner  until  you 
have  tabulated  the  whole  Still ;  taking  care  to  change  the 
area  when  you  arrive  at  4  inches,  at  8  inches,  at  12  inches^ 
at  20  inches,  &c.  of  the  pieijppendicular  depth  oi  the.  Stilli 
as  in  the  following  Table.  , 
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A  TABLE, 

Shewing  the  Method  of  Inching  the  foregoing  Waeh- 


Dry 

In. 

ches. 

Full 
1 
2 
3 

4 

• 

5 

Contents 
in 

GftllOBt. 

Dry 
In- 

Contents 

in 
€ftUm». 

In- 
ches.' 

12 

9 

13 

< 

14 
15 
16 

17 

• 

Contents 

in 
Galtouft 

Diy 

In- 
ches; 

ft 

Contcints 

m 
GaUons. 

644.698 
4.910 

6 
7 

8 

« 

9 

10 
11 

610.418 
7320 

556L706 
11.636 

18 

19 

to 

m 
21 

22 

23. 

466.890 
11.636 

639.788 
4.910 

603.098 
7.320 

545*070 
11.636 

475w254 
1L636 

634.878 
.4.910 

595.778 
9.768 

533.434 
11.636 

463.618 
12.818 

450600 
'     12.818 

629.966 
4.910 

586.010 
9.768 

521.798 
11.636 

625.058 
7.820 

579.242 
9.768 

5iai62 
11.636 

437.982 
12.818 

617.738 
7.320/ 

566.474 
9*768 

498.526 
11.636 

425.164 
12.618 

In  this  manner  we  may  obtain  the  content  of  the  Still 
at  every  dry  inch  of  its  pefpendicular  depth ;  and,  by  way 
of  Practice,  the  Learner  is.  required  to  ocmtinue  the 
above  process.    (See  the  Key  to  this  WotIc.) 

To  form  a  DittiOer^s  table  Book,  ^. 

The  gauge  of  Wash  is  taken  through  a  cylindricd  tube 
fixed  in  the  breast  of  the  Still,  and  rising  3  cnr  4  indies 
above  the  base  of  the  collar,  iiAkre  the  tabulating  com« 
mences ;  consequently,  in  forming  t!ie  TiAble  Book,  we 
must  not  begin  at  the  base  of  the  collar,  as  in  die  fare- 
going  Table,  but  as  many  indies  above  it  as  the  top  of 
the  tube  exceeds  it  in  height.  Thus,  if  the  top  of  the 
tube  rises  4  inches  above  the  base  of  the  collar,  or  diameter 
A  B ;  then  the  Still  will  be  full  when  the  gauge  exhibits 
4  dry  inches,  &c.  &c.  as  m  the  following  Table  Bode* 
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A  DISTILLER'S  TABLE  BOOK. 


:    A.  B:»  WMi^^U,  No.  I. 

Orrt 

ComettUfl  Hiy  1  Coatenta 
In       I  In*  1      in 

Diy] 
In- 

(/QlltCOtff 

Prr    nnntente 

li] 

In 

In- 

in 

ehes. 

GaUotiAA 

ch0|« 
10 

GftUons. 

16 

GailoM^ 

ches. 

<«a]lonik 

4 

645 

610 

55T' 

99 

467 

B 

640     1    U 

603 

17 

545 

93 

475 

a 

«» 

12 

596 

19 

533 

94 

464 

7 

.     6S(1. 1 

13 

566 

19 

599 

95 

451 

8 

625 

14 

576 

90 

510 

96 

488 

9         618    1 

15         696    1 

91 

409 

97 

495 

ladiift suomcr  thSsTaUe Book mtf  be  oompleted ;  and 
bjrvsjrof  Practice,  the  Learner  is  required  to  continue 
laeabovepi 


Ihte,  In  forming  the  above  Table  Book,  the  fint  dedmal  place  is 
Rjected  when  it  is  tinder  fite-tenths ;  trat  when  it  is  five-tenths  or 
«bB?fl^  ]|  is  ealkd  one  gaOoo. 


:    *  Rkvark. 

IfweeoMdtflte  tapper  part  i<  Ac  r,  of  th^  foregmng 
StOl,  to  represent  the  frustum  of  a  iphere,  then  we  have  the 
diameter  AB  =s  S^j  the  diaioeter  oc  ss  53,6,  and  the 
perpendicular  heiffht  z=  10  inches  ;  hence,  hy  Prob.  XII,, 

Part  v.,  we  find  we  content  to  be  64.434  wine  gallons. 

.  •  ■» 

Aeain,  taking  the  middle  part  ec  rr  as  the  frustum  q£ 

a  spheroid,  we  have  the  diameter  c  c  =  53,6,  and  the  dia<- 

^     '         •«.                    *i     53.6  +  62.4       106     ^, 
meter  rr  sr  52.4;  consequently  '- =  —  ss53, 

the  mean  end  diameter.  The  perpendicular  altitude  is 
46 ;  and  the  middle  diameter  is  found  to  be  62.5  inches ; 
hence,  by  Prob.  XIV.,  Part  V.,  we  find  the  content  to  be 
5$3.729  wine  gallons. 

The  quantity  of  liquor  necessarr  to  cover  the  crown,  is 
found  by  measure>  to  be  22  gallons;  henoe,  we  have 
553.729  4-  64.434  -f  22.0  =:  640.163  gallons^  the  whole 
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content,  which  is  4.535  gallons  lew  than  the  content  given 
in  the  foregoing  Dimension  Book.  This  diff^ence  arises 
diiefly  in  consequence  of  the  upper  part  of  the  Still  bang 
raUier  larger  than  the  fnistutn  of  a  sphere  j  hence  it  ajp- 
pears  that  the  forgoing  method  of  tabulaHnffn,'  Stall  u 
more  accurate  than  the  following  one ;  whidi  islikeiriae  so 
very  tedious  and  complex^  that  it  is  almost  impracti<»ble. 
(See  Prob,  XV.,  Sect  I.,  Part  VI.) 

AVife.  By  ftule  2,  Prob.  II.,  Sect.  II.,  Part  VI.,  the  content  of  the 
liquor  necesaory  to  cover  the  creiwii,  is  fbiind  to  be  24}  ^silons,  which 
is  too  much  by  2}  gaUons. 

The  Method  of  Tabulating  the  foregoing  Stilly  when  He 
upper  part  is  comidered  ds  ike  fruHum  tfof  Spkere. 

I 

•      •  •  •  •      • 

In  order  to  make  the  foregoing  dimen8imi8..eB8wcr  our 
purpose,  we  shall  take  the  altitude  of  the  globular  nart 
r=  12  inches ;  then  we  have  the  top  diameter  =  28  inc3ies> 
and  the  bottom  diameter  =  55.6  inches;  hence,  by  Froh. 
XV.,  Sect  L,  Part  VI.,  we  find  the  first  intermediate 
diameter  to  be  31.9,  the  second  35  3,  the  third  38.3,  the 
fourth  41.0,  the  fifth  43.4,  the  sixth  45.6,  the  seventh 
47.6,  the  eighth  49.5,  the  ninth  51.2j,  the  tenth  52.8,  and 
die  eleventh  54.2  inches.  (See  .£xam.  3,  oC  the  Frob. 
to  which  we  last  refenred*) 

Nbit,  in  order  to  find  the  mean  diameters  in  the 'middle 
of  evei^y  inch,  we  musk  divide  'the  sum  of  the  diameters 
at  the  extremities  of  each  inch,  by*  two ;  and  the  quotients 
will  be  the  diameters  h}r  which  the  globular  part  of  the 
Still  must  be  tabutaled.  These  .  diameters  and  the  areas 
Corresponding  to  them,  are  exhibited  in  the  next  page. 
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In.        In.          In.      Diam.      Areas. 
28£|  «:9  ^  5|9  _  ggg 3040 

S5.3  +  S8.8       7^^         4.604 

!ii±  !!:?=.  T|i=  59.6 5.332 

4^±Ji:^^^^^^^^^ 6.055 

l!±±i£:«  =  ?»!?.=:  44.5 6.733 

2  2 

^  JiL6=  ?!?.  =  46.6 7.333 

47^6^+J^5     97i  ^  ^3  5 7^3 

2                 2 
^+^51^^  1007^  5^3 g  g^ 

51£±i!:?^  ]0^^  52.0......9.194 

2  2 

52,8  +  54.2^  lOTj^^  53  ^ g^g^ 

54^4^6^  l|:8^  ,,    10.248 

2  2  

0^Ao2e  content  of  the  sphtrJced  fruHum  82.759 

A'ote  1.  In  finding  the  foregoing  diameters,  the  ieeond  figure  of 
decimals  is  neglected ;  and  in  taking  the  areas  from  the  Table,  the  third 
figure  of  decimals  is  caUed  one  more,  ^^n  the  fourth  figure  is  found  t* 
be  five  or  upwards. 

t.  The  content  of  the  globular  part  of  the  foregoing  Still,  found  by. 
Prob.  XII.,  Part  V.,  is  82.97  wme  gallons,  which  agrees  weU  with  the 
content  found  from  the  mean  diameters;  but  if  we  add  together  the 
contents  of  the  first  three  divisiDns,  in  the  foregoing  Dimension  Book, 
we  obtain  87.992  gallons,  which  proves  that  the  upper  part  of  the  Still 
is  greater  than  a  spherical  frustum. 

Rr 
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To  iahulate  the  SilU  for  irj^  inch€8^ 

RULiE. 

The  whole,  content  of  the  S&l,  as  givei^ui  the  Dimen- 
sion  Book,  is  644.698,  from  which  ti£e  S^.99^f  the  con- 
tent of  the  fk^  three  div!8ion&;  ahd  we  obtain  556.706, 
the  content  of  the  renudnder  oCdie  'StilL  Ta  tliisiiiiinbar 
add  8S.759^  and  we  haive  £59^465- wine  i^aDoiu,  tibe  oan« 
tent  of  the  Sttll>  when  the  upper  part  is. taken  as  the  Bma* 
turn  of  a  ffheap.  Xhiu  faavit^  fi>unt^  die  areas  mf  the 
different  sections  of  the  globular  part,  atuLthe  whole  ooo* 
tent,  we  proceed  to  tabiUate  the  first  ISinAaa  of  the  Still. 
We  then  take  the  areas  11.636^  1^M8,  &6.  &3b.  fitim  the 
^Dimension  Book,  and  continue  the.  tahidatioBy  as  in  the 
following  Tabkr 


'  A  TABEE 

Skewing  ike  Method  of  IndHing  the  f(fregoi€kg  SiiUy 
when  the  upper  part  is  considered  as  the  fiusfum 

of  a^Sphere, 


UL. 


Dry 

chefi. 


^  Pull 


in 
GalloniB. 


Dry 
In* 

ches. 


689.46^ 
3^940 


636.425 


632*587 
4.604 


e;27;9a9 
5.389 


6«fte51 

ems 


616.5A6 
e.79S 


6 


8- 


Id 


■ 


609.863 
i    ^383 


in 
Gallons. 

L ^ 


602.480 
7.998^ 


504462 
a602 


586.880 
9.194 


•576.686  1 
9^732 


"I 


566.954 
10.248  I 


Dry 

lo- 

cfaes. 

1« 

la 

14. 

15 

16 

17 


in 
Gallons. 


556.706 
Il;69(r 


In- 
ches* 


545.070 
1L636 


538434 
11.636 


52L798 
11.636. 


5100102 
11*686 


498.526 
11.636 


18 


19 


80 

21 


Contents 

in 
Gallons. 


466.880 
11.888 


475.854 
11^638  i 


46&618 
1&81S^ 


450.800 


In  this  maimer  the  conteDl  of  the  Still  may  be  found 
atewydrymiiie£itadtpA.;  u^ the Leanier  18 required 
to  coDtinae  the  abeve  mooeai.  (Sea  the  Key  to  this 
Worlt) 

To  ffRai:^  deductipm  for  Spmdki,  Crou^Bars^  Braces, 
Chains^  andpiksr  ImpedimeaU  contaivjed  in  a  Still. 

ppeixBeufaff]  jr  &m  ita  mouth  to  within  tbrae  <r  feiv 
■icfaeaof  thalopofthe^niinw  TluaqpindleiBaniiiported 
byitffaihiia  aadfaaaef;  Aaini  aw  ethtched  to  it,  in£& 
lETCRv^HHieea  ^  ^us^  uurmir  'the  tme  toe  n^piw  48  beuiii^j 
theflpnodk  and  ehaina  are  made  to  ^erfbrm  a  rotary  mo- 
tioDy  either  fay  the  hand,  or  by  maduneiy*  Bv  thia  meaaa 
ihe  sriMft  ia  rowao^aod  tbe  aeckmeait  pre¥^^ 
lodiefaottcNn,  wJMre  it  would  beoome  bumts  and  thua 
anpait  an  uiq^eaaant  flavour  to  the  apirita. 

Snppoae  a  anindle  eztenda  from  the  top  cf  lihe  StiQ^ 
given  m  the  {bOowing  £xami>le^  to  within  8  incbea  of  the 
c'^^'"^;  faorog.  tJMxmyh  an  iron  bar,  pk^  adroaa  the 
Staiy  et  d^^incfea  ibom  the  top ;  .andletthecireumferenee 
of  Ae  spindle  be  9.5  inchea ;  then  ita  diameter  will  be  3 
indiea,  and  iIb  area  .05  of  a  wine  j^on.  Also,  let  the 
leoj^  of  the  cross-bar  be  87  inches^  its  breadtli  6  inohte, 
and  fto  depdi  4  indiea;  then  87  X  9  '4»  ^31  ss  435  ^ 
S8i  s:  1.88  Wine  saHonS;^  the  area  of  tnecroaaniar. 

Now,  it  ia  evident  befiwa  we  can  tabulate  the  Still 
oonnacti^^  w^  moat  deduct  Aa  atea  of  the  apindle  finom 
eachareaof  the  Slatt  that  ia  aiJMtodbyit;  and  the  area 
of  tfaecxoaaJMurnmatjdao  be  deducted  ftom  that  part  of 
theStSlwhereitisplaeed;  namely,  from  the  area  used  iiT 
tabulaliiig  the  Still  fnm  82  to  36  mdieaof  Itsdetidi,  be* 
cauae  the  depth  of  the  bar  ia  4  inchea. 

Tfaeeentents  of  the  dktius  aaoat  be  found  tiy  amr  prao* 
tiod  method,  and  deducted  from  the  quantity  of  h^or 
neoesasiy  to  cover  ibe  crown  of  the  Sml ;  tbe  tabuUiidp 
m^y  then  be  peifonned  aa  before  directed. 


N0U,  Thi  moal  cwKitt  metiiod  «f  andfaig  tiMcoMeM  «r  any  very 
irregular  body,  is  tft  iaiiiMMe  It  in  t  oylMxioia  TBSid  af  «fv«t»r ;  then 
tak»  ftoit,  and  find  UwcontentoftlMtt  part  of  the  iMid  through  which 
th«  water  has  descended,  hy  removing  the  frregalar  hody  {  and  a  will 
be  the  eontept  aequlred. 

Rr2 


m 


Qjuuf^ma  A2a»ri2fe^iiG        (pabt  fi.) 


The  dimensions^  areas,  aisd  dedneticms  ^slBISQ,  are 
contained  in  tbefoDowing' Dimension'  Book  r  it:i«  ret^oired 
to  tabulate  the  vessel  for  dry  inches^  a»  practised  in  the 
Excise*  ^ 

DIMENSION  BOOK. 


A.  B.'s  Wash^SiiU,  No.  2,  gauged  Dec.  ISth,  1821. 


> 
Q 


.S-8 

c 


4> 

Si's  . 


4 
4 
4 
4 

8 
8 

8 

8 

8 
8 


2 
6 
10 
14 
20 
28 

36 

44 

52 
60 

67 


Mean 

m 

Dia- 

Cross 

nieten. 

Axew. 

47.8 

7.77 

55.2 

1036 

63.3 

13.62 

72.4 

17.82 

7d.2 

20.79 

85.4 

2430 

88.2 

tMS 

8a5 

2^.63 

873 

25.91 

83.4 

23.65 

77.6 

20.47 

* 

Impediments. 


■  t  I » 


Depths  in 
Inches, 


\ 


4 
4 
4 

4 
8 
8 
4 
4 
8 
8 
8 
3 
3 


Areas  of 
Deduc 


Net 
Ateas. 


.03 
.03 
.03 
«03 
.03 
.03 
1.88 

.03 
.08 
.03 
>03 
.00 


7.74 
1033 
13.59 
17.79 
20.76 
24.77 
24.57 
26.42 
26.60 
25.88 
23^62 
20.44 
20.47 


Contents 

in 
GaDoiis. 


70       Depth. 


Crown  per  Measure. 
Whole  Content. 


3a96 

41.32 

54.36 

71.16 

166.08 

19B.16 

9838 

105.68 

21230 

207.04 

18836 

6132 

61.41 

52.00 
I54a53 


A  TABLE 
Skewing  the  Meik^  of  Tabukaing  ike  StiU  givm  in  the 

foregoing  EifUfHple*'      ' 


Dry 

Inr 
ehes. 

FiiU 

1 

1 

2 

Contents 

in 
Gallons. 

Dr/ 
In- 
ches. 

Contents 

in 
Gallons. 

fty. 
In- 
ches. 

Contents 

in 
Gallons. 

D?y 
In- 
ches. 

Pontenta 

in'    • 

Gallons. 

1S4938 

■  7,74  ■ 

>4 

• 

1 

4 

5 
6 

7 

161837 
10.33 

8 

9 

10 

11 

1497.25 
13.59 

12. 

• 

13 
14 

15 

1482.89 
17.79 

1541.79 
7.74 

1508.24 
10.33 

1463.66 
ia59 

1405.10 
17.79^ 

153405 
7.74 

149731 

1033 

145037 
13*59 

138731 
I7i79 

1526.31 
7,T* 

1487.58 

ia33 

1436.48 
1339 

136932 
17.79 

In  this  mann^  the  cmUMrt  ef  the  Still  may  be  found  at 
eveiy  dry  indi ;  and  the  Learner  is  requirea  to  continue 
the  above  proceM.    (Seethe  Key  to  thiaWcrk*) 

iMt*   It  tUBt  perihips  bo  necciinfy  to  tmAid  the  yoon^  Iteodcr 
tiuttintffalifigt&Stia,  tliedtpthiin  thi  flftb,  nd  tiM  ivewinl^ 
seventh  otjunmirf  tlieI)lBaMriqa  Booic,  an  tt«a«  in  oan«4^^ 
dedac^oof  tfaM  axe  mad«  far  th«  imptdiments. 

I 

PROBLEM  IL 

To  find  the  content  of  a  Still-Bead, 
To  take  ike  ditnennonM. 

Measure  the  dep^  fhnn  the  upper  part  of  the  head  to 
the  bottom  of  the  colkr^  from  wmch  deduct  the  dqpth  of 
the  coUar ;  and  the  remainder  will  be  the  depth  of  the 
head.  Find  mean  diametera  at  the  top,  bottom,  middle, 
and  atones*fburth,  and  three-fourths  of  the  depths  of  the 
head;  andi  enter  all  die  dimensions  in  your  Note  Book. 

To  find  tke  content' 

rule: 

Find  the  area  corm^ponding  tp  each  diameter,  in  the 
Table  of  Wine  Areas ;  tiben  tod«  sum  of  the  areas  iof  &e 
top  and  bottom,  add  twice*  the  area  of  the  middle,  and 
four  timea  th»  aiua  of  the  areas  at  one*fourth  and  tbree^ 
fourths  of  the  deptli ;  multiply  this  sum  by  liie  depth ; 
divide  the  product  by  12,  and  .the  quotient  will  be  the 
content  in  wine  gallons.    (See  Prob.  xX.,  Part  V.) 

By  Piob.  IV.,  Bvt  V.,  find  the  content  of  the  cyiindri* 
cal  collar,  which  add  to  the  content  of  the  head ;  and  you 
will  obtain  the  whole  content  required. 

Note.  By  Aet  of  Parliam^t,  DistiUers  are  not  allowed  to  charge 
their  Stills  ¥vith  a  ie»  propoztiOn  of  wash,  at  one  thne*  than  three- 
fourths  of  the  wfirole  content  of  the  Still  and  head ;  and  imnaediatelj 
before  the  wash  i*  tittnveyed  to  the  Still,  it  is  always  gai^^  in  a  oku^ 
lar  or  an  elGptkal  vessel^  kept  expressly  for  that  purpose;  and  called  a 
J^ck-Back. 

Rr3 


OAueiMa  AVD  ijicmMe        (past  n. 


Let  the  follawinK  figure  repreaent  the  head  oftheWa«b> 
StiiU.  given  in  the  first  Example  «f  the  last  Frobjem ;  and 
let  the  depth  m  n  =  84,  the  depth  of  the  collar  nr  ^  5, 
the  diameter  AS  =  3*.6,  aa  =  il.i,bb  =  46.0,  cc  = 
41.6;  and  C D  =  37>7  inches;  required  the  content  of 
the  head  and  collar,  in  wine  ^dlons. 


A.B.'sfV^h-SliaHe^.&.ugedDec.    | 

»tk,  1881.                           1 

fimmtbe 

Arewin 

Top. 
0.0 

"ile" 

WlDcGaUoDS. 

AB 

2.058 

8.5 

41.3 

5.771 

17.0 

bb 

46.0 

7-19* 

25.5 

41.6 

5.884 

S4.0 

L  CD 

27-7 

S.609 

Collar's  heights,  and  diam. ^.7 incbee.f 

(SX€T.  T.)  BlftTllt^XAS^  UTKK8IL9* 
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To  fimd  tk9€fmienU 

Here  2.058  +  2.6(^  =:  4.667>  <Ae  ^m  of  the  tap  and 
bottom  areas;  tUso,  7-194  X  2  =  }4.3SS,  twice  ike  area  ^ 
the  middle  section  ;  and  5.771  +  5.884  x  4  =r  11.655  X  4 
=:  40.62^  four  Htnes  ike  Jitm  of  ike  areas  at  ofie-fourtk  and 
tkree-fiurtks  of  ike  depik ;  then,  (4.667  +  14.388  +  46.62) 
^..  65.675x34  2232.950  ,„^^^  . 
X  {J  =;  — jg-"' ^ni2         "^  18^079  wn€  gal' 

l(mi,  ike  content  of  the  head. 

Again,  2.609  X  5  =  13.045  wine  gallons,  ike  content  of 
the  cylindrical  collar;  then,  186.079  +  13.045  s  199.124 
fnnegaUons,  ike  whole  content  required. 

NoU  1.  The  content  of  the  Still  is  644€98  gallons,  to  which  ad4 
19d.l24,  and  we  obtain  64S.828  gallons,  the  content  of  the  Still  and 
Head.  Three-fburths  of  this  content  is  ^.866  gallons,  the  least  quanr 
titj  of  wash  with  which  the  Still  must  be  charged  at  one  time. 

2.  Some  writers  on  Gauging  consider,  the  parts  A  B  a  a,  and  C  D  c  c, 
as  the  frustums  of  spheres ;  and  the  part  oaec  as  the  middle  frustum 
of  a  spheroid ;  but  this  method  will  neveif  give  the  true  content  unless 
the  head  is  actually  compoaed  of  these  figures,  which  is  perhaps  never 
the  case ;  hence,  we  recommend  the  timpk  Rule  given  in  this  Problem^ 

S.  If  a  Still«Head  be  very  large,  so  that  five  diameters  are  considered 
too  few,  then  the  content  may  be  obtained  by  Problem  XXI.,  Part  V. 

KXAJC.  % 

The  dimendotis  of  the  StilUHead>  bdonging  to  the 
Still  given  in  the  second  Example  of  the  last  Problem^  are 
contained  in  the  following  Dimension  Book ;  required  the 
content  of  the  head  and  collar,  in  wine  gitUons,  (See  tke 
last  Fig.) 

DIMENSION  BOOK, 


A.  A*, 

Wask-SHU  Head,  gauged  Dec. 

IStk,  1821. 

Inches 

from  the 

Me«n  Piameters. 

Areas  in 

Top. 
0.0 

Wine  GaUons 

• 

AB 

27,2 

2.515 

10.0^ 

aa 

44.4 

6.703 

30.0 

bb 

51.0. 

8.843 

30.0 

cc 

48.1 

7.366 

40.0 

CD 

35.4 

4.261 

Collar's] 

beight  6»i,  diam.  35.4  inches. 

4«bt*     Tke  content  is  302.21 1  fvine  gaJlonsk 


461  oAOoiKa  AKi^  mcttme        (?A&Tvt;) 

NiAe.  The ccmtent  of  tlM 6tm is  I^MlSS*  to  which  addSOtJClU 
9nd  we  obtain  1851.741  galk»s  the  content  of  tl^e  Stfll  and  Heed. 
Three-fMirths  of  this  content  is  1388.905  gsUons^  the  feast  qaantftj  of 
wtth  with  which  the  Still  must  be  charged  at  one  tune. 

i\ 

PROBLEM  III. 

To  gauge  and  inch  a  DutUUr^s  w^l  Wa^hBack^  by  the 
method  of  equidiiioMi  ardinatei^ 

Directions  for  taking  the  dmensiatu,^ 

By  Prob.  XX.,  Part  IV.,  iSnd  the  tnuuvene  and  comiN 
gate  diaaieten  of  the  base  of  the  Wash^Back;  end  also 
doable  ordinatee,  at  equal  dbtnioea  from  each  tither  ;  all 
cf  which  must  be  struck  with  a  chalk-line. 

By  Prob.  III.,  Part  V.,  set  off,  upon  the  sides  of  tbe 
▼easel,  at  the  ends  of  the  double  ordlnates,  the  perpend^ 
colar  distances  that  the  horizontal  sections  are  intended  to 
be  taken  flrpRi  eadi  other;  then  measure  die  tnanswent 
and  conjugate  diameters,  and  also  the  double  ordinates  of 
each  sectkm;  and  enter  all  the  dimensions  in  a  Note 
Book. 

^oU  1.  When  a  Wash-Back  stands  upon  its  greater  base,  the  dis- 
tance between  the  two  extreme  onUnatcs  of  the  foat  Iwrisootal  eeetioii, 
must  be  somewhat  less  than  the  traosvene  diameter  of  the  top.  to  order 
that  all  the  dimensions  of  the  uppermost  section  ma^  fall  within  tbe 
vesseL 

t.  Horizontal  sections  must  be  taken  in  the  middle  of  every  6,  8,  or 
10  inches,  as  the  case  may  require. 

Tb  find  the  area  and  content* 

RULE. 

By  Prob.  XX.,  Part  IV.,  find  the  area  of  eadi  horizontal 
section;  then  multiphr  each  area  by  its  corresponding 
depth;  and  the  sum  of  the  products  inll  be  the  whole  con- 
tent. The  vessel  must  then  be  tabulated  ibr  wet  iiidies, 
by  adding  the  area  of  the  first  section  to  itself;  &c  &c.  as 
before  directed.    (See  Prob.  I.,  Sec.  II.,  Part  VI.) 

f^oie  1.  The  area  of  the  segments  may  be  most  easily  found  by  the 
latter  part  of  Note  8,  Prob.  XX.,  Part  XV. 

2.  The  content  of  the  dr^  if  any  ;  and  alao  the  dippii^.phice,  must 
be  found  as  directed  in  Prob.  IX.,  Sect.  II.,  Part  VI. 
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{                                      9  Ordinates,  12  inches  equidistant  =:  96  inches.                                     | 

Contents 

in 
Gallons. 

00  %  q6  00  O' 

06  OQ  F^  06    tfJ 

0(  01  0<  00 

• 
4i 

i 

u 

'B 

t 

Total 

Areas. 

- 

»o  «  *C  "* 
00  0^  00  00 

X  00  1-1  00 

.         a        .         * 

CN  01  «  00 

Drip  per  Measure. 
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0  o»  ^  0 

Ci 
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0  I>00  00 
0*  W  00  00 
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00 

0  i-<^  00 
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Whole  Depth. 

Depths 
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00  «  i-> 
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To  find  the  area  of  ikejirst  Sediom. 

Mere  S9.6  ^  S&£  ==.  77^,  theeumftfihe  extreme  orA- 
naks;  {&I.S  4-  B&Ji  +  8S.1  +  62.8)  x  ^  =  ^89*8  X  4 
=:  llJS9*^s  fmtr  tifnu  the  sum  if  (dl  the  even  ^rdmates  :  and 
(7M  +  84.2  +  75.4)  X  2  =5=  235.0  x  2  c  470.0,  twice 
thenmefaU  the  odd ordinates ;  then,  (77-2  +  1159^2  + 
47D.O)  K  4  ==  1706.4  x  4  »  6825.6  square  inches,  the 
area  0/ that  part  ^  the  section  eiroitmscribed  bgf  the  sidei  cf 
the  vessel  and  tie  4mo  tprme  ordinates. 

4gain,    *    ^ — ^=z^^-zs:  SOBS  sjuare  inches,  the 

arta  of  the  two  segments/  and  6825^  +  308.8  7  7184.4 
square  inches^  the  antLrf  0te  whole  section ;  ttoiT184.4-f- 
231  s  30.6S4y  the  area  in  wine  gallons. 

in  the  soma  sosMoae  ^e  uteaa  of  the  0liier  sectkms 
m«8t  be  fimnd  hy  the  Leamtr ;  and  bodi  the  areas  and 
contents  enteired  as  in  the  fbre^oinff  Dimenmn  Book. 
(See  the  Key  to  thia  Work,  in  which  uepcpceaa  of  finding 
the  areas  ofthe  other  sectiam  is  given.) 

Ncie.  Th«  contentfl  in  tbe  forcigDiiig  Tible»  as  fimnd  l^  renoDving 
the  deeSmsl  points  in  the  areas  ^me  place  tcnraids  the  rfglit  iian^ 

A  TABLE 

Skewing  the  Method  <^  Inching  the  foregqing  Wash'- 

Back. 


In- 


Cooteatsl.V^et 


Contents  ll  Wei 
in       ll  In- 
G«llons. 


Cootoiti 
in     I 
GaUoQii 


Drip 


in 
GaUonp^ 


15.000 
30.884 


30.884 


76.768 
30.884 


In. 


138.536 
30.884 1 

>    ■  ■■  I' 


107.652 
30.884  V 


8 


169.420 
30.884 


200.304 
30.884 


b231.188 
30.884 


10 


11 


12 


I 


262.072 
30.884 


292.956 
30.884 


323.840 
29.185 


353.025 
29.185 


IS 


14 


15 


16 


382.210 
29-135 


411.395 
29-185 


440.580 
29*185 


4^765 
29.185 


(SKT.  V.) 


11 

If 


H 

Ji 
m 


jjigj 


i  »1  I 

In. 

If 
i-- 
■§■= 


>H_ 


iri 
u 


m 


GAOCXKe  AKD  TSCIilVa  (PA&T  tU) 


Note.  The  transverse  aod  conjugate  diameters  In  this,  are  the  same 
as  those  given  in  the  first  Example ;  bat  the  areas  of  the  sections  and 
the  whole  contents  diifer  very  materfaliy  from  each  other;  benoe  the 
necessity  of  gauging  all  such  vessels  by  equidistant  ocdtnates.  (See 
the  following  Remiu'k*)  . 

A  TABLE 

Shewing  the  Method  of  lucking  the  foregoing  W^ash^ 

Back. 


Contents 

in 
Gallons. 


15.000 
31.986 


46.986 
31.986 


78.972 
31.986 


Wet 

In- 
ches. 


5 

6 


Contents 

fn 
Gallons. 


IIT).958 
31.986 


142.944 
31.986 


174930 
31.986 


Wet 

In- 
ches. 


7 
8 
9 


206.916 
31.986 


Contents 

in 
Gallons. 


238.902 
31.986 


270.888 
31.986  11 


Wet 
In- 
ches. 

10 


11 
12 


Contents! 

in 
Gallons. 


302.874 
31.986 


-334.860 
30.361 


365.221 

3a361 


»  By  proceeding  in  this  manner,  the  content  at  every  wet 
inch  may  be  obtained ;  and  the  Learner  is  required  to 
(kmtinue  the  above  process. 

.  NdeJ  In  the  Key  to  this  Work,  the  areas  of  all  the  sections  in  (he 
foregoing  Dimension  Book,  are  found  from  the  given  dimensions;  and 
it  is  expected  that  the  Learner  also  determine  those  areas,  before  be 
proceeds  to  tabulate  the  vessel. 

RfiMARKS. 

1.  By  the  Rule  for  the  ellipse^  the  area  of  tbe  first 
section  is  30.918  ;  the  second  29.242;  the  third  27-450; 
and  the  fourth  25«976;  hence  the  content  is  115a86  wine 
gallons.  This  content  is  2.90  ffallons  more  than  the  am- 
tent  found  in  the  first  Example^  and  43.31  galkms  kss 
than  that  found  in  the  second ;  which  proves  that  the 
vessel  is  not  trufy  elliptical  in  either  case.  (See  Ronarks 
in  Prob.  XX.,  Part  IV.) 

2.  All  Coolers^  Jack-Backs^  and  other  vessels  used  by 
Distillers,  whatever  mav  be  their  form,  must  be  gauged 
and  fixed  according  to  the  directions  given  in  the  respec- 
tive Problems  of  this  Work. 


^CT.  tn<)  s*4r  GA0«iKO.  410 


SECTION  VI. 

9 

THS  XIETHOI)  07  G^UGP^a  AMD  FIXIK^  TBS  UT£K$Ii.8 
OP  80AP  HAKSBS,  STjL&Cfi  STAKSBS,  AND  GLASS 
XAXSBS^   AS  PRACTISED  IV   THS  EXCISE. 


^yO^P  GAUGING, 


PBELIMINABT    OBSEBVATIOKS. 

Soap  is  chiefly  made  from  leys  drawn  from  potash  and 
lime;  and  b6il«d  up  with  tidlow  or  oil.  It  is  much  used 
fiv  waiyng' and  bleaching  linens ;  and  for  various  other 
purposes,  by  Dyers,  Perfumers,  Hatters,  Fiillers,  &c.  &c. 

Hie  principal  soaps  manufactured  in  this  country,  are 
hardtoap^  sqfi  soap,  aaadbaUsoap:  the  soft  kind  being 
either  white  or  gieen.  '       , 

Hard  soap  is  made  of  leys  and  tallow ;  and  is  most 
commonly  boiled  at  twice;  the  first  operation  being  called 
half-boiling.  fVhiie  soft  soap,  is  composed  of  leys  and 
tallow;  and  green  soft  soap  of  leys,  tallow,  and  fish  oil. 
Ball  soap  is  made  of  Iqrs  and  fine  oils ;  and  i^ellow  soap  of 
common  resin  boiled  up  with  tallow.  * 

When  hard  soap  has  been  sufficiently  boiled  in  the  cop- 
per^ it.tis  tlwn  put  into  rectangular  firames  or  boxes;  in 
order  to  cool  and  bucden.-  Each  of  these  frames  miist  he 
at  least  45  inches  in  depth,  and  none  of  them  must  exceed 
45  inches  in  length,  or  15  inches^in  breadth.  These  frames 
must  all  be  fairly  marked  and  numbered,  for  the  purpose 
d"  preventing  mistakes  in  taking  the  gauges. 

J^fter  the  process  of  boiling..M»yi  soap  is  completed,  it  is 
put  into  casks,  which  ought  to  be  barrris,  eachecmtaiiiiDg 
*^  8s 
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256 pounds;  half-barrels,  each  oontaining  128  pounds; 
firkins,  each  containing  64  pounds ;  or  half-firkins,  each 
containing  32  pounds  avoirdupois,  exclusive  of  the  tare, 
or  weight  of  the  cask. 

The  duty  on  all  soaps  is  charged  hj  the  pound  avoirdu- 
pois ;  the  weight  of  hard  soap  is  ascertained-  from  the 
gauge ;  but  the  wdghts  of  son  soap,  and  ball  soap,  are 
Swajs  found  bj  sosles  and  wdgma.  Sometimes,  how- 
ever«  the  dt^  iocbos  of  the  ooppcir  are  tik«i|a  ib  Wdn  to 
make  compares, 

PROBLEM. 

To  find  the  area  and  content  of  a  rectangular  hard  soap' 
Jrame^  in  pounds  avoirdupois. 

RULE. 

BY  THE  PW. 

Multiply  the  mmn  length  by  the  tt«a!i  breadth  ;  divide 
|be  product  by  28.00  for  boii  md  fi7-U  Sat  cold  hsad 
aoap;  and  the  respective  quotients  wiU  be  the  araa  in 
pouBd»«  Multiply  this  urea  h^  tW  deffbg  and  tb«  pro* 
duct  will  be  the  content* 

Nstg,  If  the  flqusre  of  the  dJMnetoraf  a  drcukurvcae^  be  dMlM  hf 
35.65  for  hot,  and  34.56  for  cold  hard  soap^  ^  le^peotlTe  flpnrtwmti 

Bill  be  tbearea  of  the  vessel  in  ppuods  ayakdupois.    i^  th«  TaUeof 
ivisors  on  the  33d  page.) 

'  BY  THfi  SliIDINO  RU(.'|I. 

«  • 

To  find  the  area. 

EULE. 

As  the  Bouare  divisor  on  A,  is  tt>  tbelangdi  oil  fi  |  so 
isthebieaxithon  A,  to  the  area  in  pounds,  on  B» 

T6  jM  the  cotUei^. 

EULE. 

Asoneon  A,  is  tolheareaonB;  loif  thedtpCiittiA, 
to  the  CiWdteiit  on  & 


I 

I 
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1.  The  depth  tf  ft  rediangukr  hard  soap-frame  is  54.0j 
the  length  45,  and  the  breadth  15  indies ;  Kcmired  its 
area  and  oantent  in  potttids,  for  both  hot  and  cola  soap. 

BT  THS  PXN. 

Inches. 
46  length.    '  ^ 

•        15  breadth. 

45 
Divisor  28.00)675(24.10  area  in  pounds  hot. 

Divisor  27^14^^(24.87  area  in  pounds  cold. 

Then  24.1  x  54  =  1301.4^  the  content  in  pounds  hot; 
and  24.87  x  54  s  1342.^8,  the  content  in  pounds  cold. 

BY  THB  aUDlNO  RULE. 

To  Jind  the  arsa* 

On  A.    OnB.    On  A.    OnB« 
.   C«8U»1.      .  .,  f  M.ia  pounds  hot. 

^'|2T.14.J  •   *^  ..  ^5  .  iM,S7  pounds oold. 

To  find  the  content* 

On  A.      OnB.        On  A.       OnB. 
jt,  t  •   S^^^O  \   .  4  -.  *    J  1801.4  jp<w»«^*  hot. 
^'^  •    t24^7i   ••  ^*  •    1184^,9  pottnds  eold. 

2.  If  1^  depth  of  hot  soe^^  In  th«  foregoing  fhtnM*i  be 
48  iftiifbes  ;  how  tnany  pounds  of  doap  doea  it  contain  ? 

JfM.  1156.8  jpouMir. 

3.  The  depth  of  cold  soap,  in  the  preceding  frame,  is 
46  inches  ;  what  is  the  content  of  the  gauge^  in  poundfs? 

Afis.  1144.0^  pounds, 

4»  The  depth  of  a  soap-frame  is  &S  inches,  its  length  48 

S  s  2 
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inches^  and  its  breadth  14  inches ;  required  itt  area  and 
content  in  pounds^  for  both  hot  and  cold  soap. 

Areas.  ConteiUt, 

.       iHoi     21.50  . .....1247.00.  poMMif- 

^^'  iCold   22.18  ......1286.44  diUo^ 


STARCH  GAUGING. 


PRELIMIKART  OBSERVATIONS. 

Starch  is  generally  made  from  the  raeal  or  floor  of 
wheats  which  is  put  into  a  vat^  with  a  sufficient  quantity 
of  water;  and  suffered  to  ferment  for  several  days.  It  is 
then  removed  from  the  vat,  into  hair  sieves,  where  it  is 
washed,  to  separate  the  starch  from  the  bran ;  and  the 
fine  matter  which  passes  through  the  ueves,  is  collected  in 
tubs  or  frames,  and  is  called  a  sour  wetter. 

In  two  or  three  days,  the  starch  collected  at  the  bottom 
of  the  sour  water  is  washed  again ;  and  the  fine  mattor 
thus  obtained  is  denominated  a  green  water ;  and  the 
coarse  part  is  called  a  sUnie. 

Sometimes  the  starch  which  settles  to  the  bottom  of  a 
green  water,  is  also  washed  as'  before ;  and  being  passed 
through  sieves,  and  collected  in  firames^  it  is  denommatftd 
a  white  water. 

From  the  green  or  white  water,  the  starch  is  removed 
to  boxes  wim  holes  in  their  bottoms ;  where  it  is  per« 
mitted  to  drain  and  harden;  it  is  then  taken  out  cf  the 
boxes^  in  order  to  be  dried  on  bricks.  After  it  is  suffici- 
ently  dried,  it  is  put  into  a  stove  to  crust;  the  crusted 
part  is  then  scraped  off;  and  the  pure  part  put  into  papers, 
which  are  then  labelled,  and  stamped.  In  this  state  it  is 
again  placed  in  the  stove;  and  when  it  is  completely 
dry,  it  is  taken  out  and  weighed  in  the  presence  of  the 
Officer  who  surveys  the  Works. 

Note  1.  Starch  is  not  only  weighed  as  noticed  above,  but  It  is  also 
gauged  in  the  process  of  making,  both  in  the  vats,  frames,  wad  boxes. 
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WlMmie#il|^ttt]iIiit  froM  tile  nt&Nt  gm^  lil  tilt  bolMs,  esiMb 

the  weight  obtained  by  Uie  scalei*  the  charge  of  the  duty  is  made  from 
the  gauge ;  and  vice  vena. 

t  The  instruments  uded  in  Starch  Gauging  are  the  same  as  those 
of  which  we  have  before  treated ;  with  the  addition  of  an  iron  spit, 
dividM  into  inches  and  tenUis ;  and  a  brass  plate  td  screw  to  the  eBd  of 
the  Dhnendon  Cane.  Also  a  spatula  to  examine  the  starch  in  thtf  ma- 
tetidlsy  during  the  process  of  making. 


PROBLEM  L 

7b  gauge  and  fix  a  Harck  tat  in  the  form  of  a  paraU 

Idapiftdxnu^ 


DkMm»J^  iakmg  the  diwmuumsi  ^a 

Find  the  mean  length  and  breadth  as  before  directed ; 
and  also  the  area  in  aqvare  inches.  Divide  this  area  by 
282S ;  and  the  quotient  will  be  the  number  of  -bushels  of 
raw  materials. 

After  the  materials  have  heeti  in  a  state  of  fermentation, 
the  area  in  square  inches  must  be  divided  by  2386^  in 
order  to.  obtain  the  area  in  bushels ;  and  if  the  area  in 
bushels  be  multiplied  by  ^5,  the  product  will  be  the  area 
of  the  vat  in  pounds  avoirdupois,  of  green  starch  j  hence 
the  whole  content  in  pounds^  may  be  obtained  by  multi«. 
plymg  liie  are^by  the  depths 

iVolf  !•  It  has  iMMraiccHahMd  by  ejtperience  thtft  on  eharging  the 

vat  with  raw  materials,  each  bushel  of  meal  resolves  itself  into  28S8 
cubic  inches ;  -  and  that  alter  fermentation^,  it  is  reduced  to  2980  cubic 
inches ;.  hence-  the  divisors  given  in  the  preceding  Rula 

2.  It  has  also  been  fiiUnd  that  on  an  average^  every,  busltel  of  meal 
produces  25.  pounds  of  green  starch ;  consequently  any  number  of 
bushels  multiplied  by  2^,  will  give  the  content  in. pounds. 

3.  When  starch  is  made  fh>m  damaged  flour,  a  bushel  of  such  flour 
will  yield  more  than  25  pounds  of  starch ;  and  if  it  be  made  from  bran» 
Ihe  quantity  obtained  from  a  bushel,  tviU  be  leto  than  25  pounds.  In 
such  cases,  the  Of&oer  must  use  his  discretion  in  estimating  the  quantity, 
of  green  starch,  in. the  vat«. 


S  8  a^ 
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TABLE  OP  DIVISOftS  AND  GAUGE  POINTS   FOR  STABCH 

BUSHELS. 


State  of  the 
Materials. 

Divisors  for 
Bushels. 

Gauge  Points  for    I 
Busheb.           | 

Squares. 

Circles. 

Squares. 

Circles. 

Before  Fermentation 
After  Fermentation 

2828 
2386 

3601 
3038 

53.1  T 
48.80 

60.0 
55.1 

EXAMPLES. 


1.  The  mean  length  of  a  starch  vat,  in  the  form  of  a 
parallelopipedon,  is  186.6  inches,  and  its  mean  breadth 
136.8  inches ;  required  its  area  in  bosfaflls,  and  in  poonds, 
both  before  and  after  fermentation. 


BY  THE   PEN. 

Inches. 
186.6  length. 
136.8  breadth. 


149^8 
11196 
5598 
1866 


"V. 


bush. 


Divism'  2828)25526.88(9.026  area  befbrt  ferm. 
DtvMor  2386)25526.88(10698  area  after  ft 


BEFORE  FERMENTATION. 
Bushels. 
9.026  area. 
25 

451^0 
18052 


AFTER  FERMENTATION. 
Bushel^. 
10.698  area. 
25 

53490 
21396 


225.650  ditto  in  pomds.  267.450  dkto  in  pounds. 


BY  THE   SLIDING  RULE. 


As  the  square  divisor  on  A,  is  to  the  length  on  B;  so 
is  the  breadth  on  A^  to  the  area  in  badiels^  on  B. 
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OnA«      OnB.        On  A.        OaB. 

.528287    .  -jj^^  ..   ,3^g   .  f  9.0  before  femu 

2.  Required  the  content  in  bushels  and  pounds^  of  the 
materials  and  starch  in  the  foregoing  vat,  before  fermenta- 
tion ;  when  the  depth  is  28.6  inches. 

Ans.  The  cotUaU  is  258.1436  bushels,  and  6458.590 
pounds. 

3.  Required  the  content  in  bushels  and  pounds,  ci  the 
materi2(l8  and  starch  in  the  preceding  vat,  alter  ferment«i« 
tion ;  when  the  depth  is  26.4  inches. 

Ans.  The  content  is  282.4272  bushels,  and  7060.680 
pounds, 

4.  The  length  of  a  starch  vat  is  225.8  inches,  and  its 
breadth  156.0  inches;  required  its  area  in  bushels  and  in 
pounds,  both  before  and  after  fermentation. 

Ans.  The  area  btfore  fermentation  is  12.508  bushels,  and 
312.575  pounds  ;  and  after  fermentation  14.8 1 9  bushels,  and 
370 A7  5  pounds.. 
« 

PROBLEM  11. 

To  gauge  and  fix  a  starch  vat  in  the  form  of  the  frustum 

of  a  cone. 

To  take  the  dimensions,  S^. 

Measure  cross  diameters  in  the  middle  of  every  tD  in« 
ches,  from  the  bottom  towards  the  top  of  the  vessel,  as 
directed  in  Victuallery ;  then  divide  the  square  of  each 
mean  diameter  by  3601,  and  3038 ;  and  the  quotients  will 
be  the  areas  of  the  respective  sections,  in  bushels,  before 
and  after  fermentation. 

■ 

NcU.  The  areas  ki  pounds  must  be  foimd-  by  multiplying  by  2^  as 
before. 

EXAMPLES* 
EXAM.    1. 

The  mean  diameter,  taken  at  5  inches  from  the  bottom 
of  a  starch  vat,  in  the  form  of  the  frustum  of  a  cone^ 


m 
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measures  98.2  inches ;  the  dilimeter  ai  15  inched  fititn  the 
bottom^  9^A ;  the  diameter  at  25  inches  from  the  bottom, 
94.3 ;  and  that  at  36  inches  from  the  bottom  measures 
92.5  inches ;  it  it  required  to  find  the  area  of  each  aeotioQ 
in  bushelsj  and  to  form  »  Dimensioa  Book* 


A.  B:s  Starch  Fi 

at.  No.  1 

1822. 

,  gauged  Feb,  1 4t, 

CNvisions 

in 
Ineheg. 

Depths 
from  the 
Bottom. 

Mean 

Dia- 

metcra. 

Artas  is  Bushels. 

Betbre 
Pttinoib 

After 
FefflieD* 

U 

iQ 

92.S 

2.3T6 

Mi& 

10/ 

t^ 

94.3 

2.409 

2.927 

10 

15 

96.4 

S.S80 

'&05S 

10 

5 

9a2 

1677 

S.174 

2.  If  the  depth  of  the  materials  in  the  preceding  yat,  he^ 
58.6  inches ;  required  the  Content  in  bushels  and  pounds, 
before  fermentation. 

Jj»g.  The  (miefU.  k  9T£9  busbels,  and  »4i4£i.2S  fKmuk^ 


BY  THE  PEX. 

To  find  the  area  of  the  first  section. 

Here  (98.2  X  9^2)  4-  S601  =  9&43.24  -^  3601  r:     \ 
2.677  bushels,  the  area  before  fermentation  /    arid  964^.24 
-f-  3038  =  3.174  bushels,  the  area  afier  fermentation. 

BY  THE  SLIDING  RUt^. 

As  the  circular  gauge-pmnt  on  D,  is  to  uni^  on  C ;  so 
is  the  diameter  on  .D>  to  the  area,  in  bashels,  upon  C. 

OnD.     On  a    On  D.    OnC* 

'    J, 5*60.07     .   -    ..  Q02  .  j2.7  &?/oh?/er«. 
'^*|55.1j     •   ^   •-  y^-*  -13.2  after  jerm. 

Note.    The  areas  of  the  three  remaining  sections  are  found  in  tlie 
Key  to  this  Work. 

DIMENSION  BOOK. 
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S.  The  diameter  taken  at  5  inches  from  the  bottom  of  a 

conical  starch  vat,  measures  124.3;  at  15  inches,  121.4; 
at  25  inches,  118.3 ;  at  35  inches,  115.5 ;  and  at  46  hiches 
from  the  bottom,  the  diameter  measures  112.6  inches;  it 
is  required  to  determine  the  area  of  each  section,  in 
bushes,  and  to  form  a  Dimension  Book. 

Answer, 
Before  Fermentation^    After  Fermentation^ 
Areas  in  Bwhels,        Areas  iu  Buskelt* 

Firt section 4290  5.085 

Second  section 4.109  4.851 

Third  section  3.886  4.606 

Fourth  section 3-704  4.391 

Fifth  section    3.520  4.173 

PROBLEM  III. 

To  gauge  and  fix  a  water-firame^  in  the  form  of  a  parat* 

lelopipedon* 

Directions  for  taking  the  dimensions,  SfC, 

Take. several  lensths,  in  various  parts  of  the  firame,  from 
which  find  a  mean  length.  Find  a  mean  breadth  in  the 
same  manner;  then  multiply  the  mean  length  by  the 
mean  breadth  ;  divide  the  product  by  34.8,  and  the  quo« 
tient  will  be  the  area  of  the  frame  in  pounds  avoirdupois 
of  green  starch.  Multiply  this  area  by  the  depth;  and 
the  product  will  be  the  content. 

Note  1.  In  the  Practice  of  Gauging,  the  depth  from  the  top  of  the 
frame  to  the  surface  of  the  starch  must  be  taken  with  a  gauging-rod 
and  a  float ;  then  if  this  depth  be  subtracted  from  the  whole  depth  of 
the  frame,  the  remainder  will  be  the  depth  of  the  green  starch. 

2.  Any  water-frame  may  be  tabulated  from  the  top  towards  the 
bottom,  either  for  inches,  half  inches,  or  tenths ;  but  as  the  upper  part 
of  a  frame  is  always  occupied  by  water,  it  will  only  be  requisite  to  com- 
mence the  tabulation  at  the  distance  of  12  or  15  inches  frrom  the  top  of 
the  firame.  This  may  be  most  easily  performed  by  subtracting  12  or 
15  inches  fWnn  the  whole  depth  of  the  firame* 

EXAMPLES. 
EXAM.  1. 

The  length  of  a  water-frame,  in  the  form  of  a  parallel* 
opipedon,  is  126.5,  its  breadth  54.7^  and  its  depth  3S 
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JVMf  h  In  ohkr  to  ke«p  dieslmh  dean^  and  to  fvevent  Hfrom 
pMn^  Homigh  the  Mcs  in  the  bottom  of  the  box,  a  doth  is  alwi^f 
spnadovar  it  pieviouBijrto  putting  in  the  starch.  A  slider  iaalao  aonae- 
timas  toed  to  divide  the  bcK  into  two  parts,  in  order  that  the  starch 
may  be  cut  out  in  smaller  pieces.  This  slider  extends  ftom  one  end  of 
the  box  to  the  other ;  generally  dividing  the  breadth  of  the  box  into 
two  equal  parts.  As  tiiese  sliders  are  only  used  oocask>naIly»  it  becomes 
necessary  to  find  two  areas  of  each  box ;  that  is,  one  firom  dimensions 
taken  in  such  a  manner  as  to  make  an  allowance  for  the  cloth  and 
slider ;  and  another  ftom  dimendons  in  which  an  allowance  is  made 
for  the  doth  only.  This  we.  concdve  may  be  most  correctly  done  by 
taking  the  dimensions  of  the  box  without  either  slider  or  doth  in  it; 
and  then  a  make  a  proper  deduction  for  them  both. 

2.  When  a  cloth  only  is  used,  twice  its  thickness  must  be  deducted 
firom  both  the  length  and  breadth  of  the  box ;  but  when  both  a  slider 
and  doth  are  used,  then  twice  the  thickness  of^the  doth  must  be  de- 
ducted from  the  length,  and  four  timesits  thickness,  together  with  the 
thickness  of  the  slider,  must  be  deducted  from  the  breadth  of  the  box, 
in  order  to  obtain  the  proper  dimensions. 

Z*  The  mean  depth  of  green  starch,  in  a  box,  is  found  by  taking 
several  depths,  with  a  spit ;  and  then  dividing  their  sum  by  their  num- 
ber Itar  a  mean  depth. 

EXAMPLES. 

1.  The  len|;th  of  a  8tarch-bo&  is  65.6  inches^  and  it$ 
breadth  12.5  inches;  required  its  area  in  pounds  of  sreen 
starch  ;  making  an  allowance  of  one-tenth  of  an  indi^  in 
both  dimensions,  for  twice  the  thickness  of  the  doth. 

Inches. 

65m5  reduced  length, 

12.4  reduced  kreadik. 


S620 
1310 
655 


jDivtsor  34.18)812.20(23.33  Ihs.  area. 

2.  If  the  depth  of  the  starch,  in  the  foregoing  box,  be 
5.4  inched ;  required  the  content  in  pounds. 

Am.  125. 9S^  pounds. 

S.  iThe  dimcnttons  of  a  staroh-box,  both  with  and  with* 
out  a  slider>  are  contuned  in  the  following  Dimemiai 
Booli ;  recjuired  the  content  of  the  stanli  in  pounds,  when 
the  depth  is  6.3  inches. 


{SKJ.VI.) 


«tAM  axaatsa; 
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A.  B:s  Starch^Bax,  gauged  Feb.  20, 182g.| 

Mean 
Length. 

Mm»  Breadth. 

Are98  in  PfHUMU.  1 

With 

Slider. . 

Without 
Slider. 

With 
Slider. 

Without 
Slider. 

64.4 

11.6 

12.2 

21.46 

ftMf 

Atts,  Theconieni  with  the  slider  is  135.198/  and  without 
the  slider,  l^%l9lfwnds. 

Note  1*  Before  the  Learner  proceeds  to  find  the  contents,  he  must 
Hnd  the  areas,  both  with  and  without  the  slider. 

i.  Any  starch-box  may  be  tabulated  either  for  inches  or  tenths,  by 
the  continual  addition  of  the  whole  area,  or  one-tenth  of  the  area,  as 
before  dfreeted.    (See  Prob.  VII. ,  Sect.  TL,  Part  VI.) 


GLASS  GAUGING. 


PBtLIMVKAftT  OBBESVATIONS. 

The  materials  and  preparations  used  for  making  the 
various  sorts  of  glass ;  a^d  also  the  methocU  of  manufac- 
turing them  are  different  The  time  required  to  found, 
mdt,  and  refine  the  materials  for  each  species  of  glass,  after 
they  are  prepared,  mixed,  put  into  the  pots,  and  placed  in 
the  furnace,  is  likewise  somewhat  uncertain.  These  pots 
are  made  of  day ;  and  when  they  are  properly  tempered 
in  the  annealing,  oven,  they  are  capable  of  bearing  a  very 
great  degree  of  heat 

Crown  Glass  materiids  consist  of  kelp>  bariUa,  potiash, 
Lynn^sand,  cuUet,  &c ;  and  require  from  twen^-four  to 
thirty  hours  to  found  and  melt  them. 

Plate  Glass  is  made  from  barilla,  dalt«p€»tre,  Lynn* 

sand,  ccdlet,  &c» 

Tt 


4d2  aukS9t  oAi7aixa«  (piUitTt) 

Flint  Glass  iivij^p^s  ar;^  salt-|i^rtre^  red-lead^  Lynn- 
sand^  arsenic,  &c. 

Broad  Gi^sa  i8^i9a4e.ftoiit  kelp.  sofUaqpers^  wbltater^ 
ashes,  cuUet,  andvs^ous  sorts  of  msl^  fuilies  imd  dmd. 

CoMMOK  BoTTLB  6las9  ismado  fiom  kelp,  hard-sopers, 
ashes,  Um^,  wood-*ashe$^  coftet,  andcoarsi^sea  or  river  sand. 

The  pots  m  whicb  it  is  mteoded  to  oielt  znaterials  for 
making  glass,  must  first  be  g^ed  ia  the  potrd^her  ; 
and  when  ofia^uraais.iiot  sufieienii  foc.the  wiude  depth, 
dimensions  must  be  taken  in  the  middle  of  every  6/S,  or 
1.0  ioQhes,  from  the.  top.  downwards.  After  the  pots  have 
been  annealed,  they  must  be  re-g^uged  ;  and  tliar  num- 
bers and  dimensions,  in  both  cases,  must  be  entered  in  the 
Dimension  Book. 

Allowancjis. 

.  la  calculating  the  content  of  each  pot,  you  must  make 
the  following  afiewaacea  fiar  the  aesi>ectiYe  soijls  o£  g]m, 
in  consideration  of  part  of  the  materials  being  left  in  the 
bottom  of  each  pot,  which  cannot  be  wrought  out ;  and  for 
other  waste  in  manu&ctoring^;  namely,  in  all  pots  con* 
taining  more  than  one  hundred  weight,  used  for  making 
flint,  stained,  or  pMal  glass,  oiie«ibiii$h  pst  of  the  mate- 
rials contained  therein,  and  one  inch  in  the  depth  of  every 
pot ;  but  in  smaller  pots,  which  do  not  contam  one  hun« 
dred  weight,  one-fiftn  only  of  the  nAterials  contained  in 
the  same  must  be  allowed.  In  pots  used  for  making 
crown,  plate,  ok  window  glMp,  099^-iBwtl^'Of  the  material 
must  be  allowed  ;  and  four  inches  at  the  bottom  ;  but  in 
pots  used  for  making  common  bottles,  oa^  one-fifth  oi 
tihe  materials  must  be  allowed,  ttSd  t^!^  inches  at  the 
bottom  of  e^  pot. 

A  TAJII/E  OF  DIVISORS  AND  GAUGE-POINTS  FOR  DlF- 
'  FERENT  SORTS  OP  iGLASS. 


I      JH^tfi  '^^P  diviwwrs  for  8<}viaxesi        Divjaoi;^  £90      |'t>4u^ 


telij^ess  th9  numbec  o€  cubic  inches j    n  ,>   jt'ointsro] 

tn  a  pound  of  glass.  Sqaaxes.    Ciicles.  I  dicleti 


■*p 


kpOQinlai  flint  glatt. ~ (kMt    .  ]<k77  I  34ft 

)!^  pound  of  iMq  glass  .^     9.178.  .ll>6a  }  3.^ 

A  pound  of  crown  and  broad  glass*  J  i0.4l&  1  18.39  1  3.66 

A'P0upd9C;i»hi^ai]4boUlegIas8...|  10.178   (  12.96  I  3.60 

A  pound  of  Bridahca8tplateg1ass...|  11.30^  |  I43B  I  3.79 

A  pound  of  German  sheet  glass 111.250  I  14139  I  3.78 

m.  I  II'  '  ■     ■■        ■  I  nil. 


I 

J 


Ik       \*  The  fiicton^  divUon,  and  gaii^ge-points  for  glass, 

given  in  the  Tabled  itxhplige  '83,  ikte  not  correct    Those 

ti    ^vien  in  thc^pi^eoediog  Tables  are  always  used  in  ffavging 


PROBLEM  L 

To  find  the  area  and  content  ^  any  circular  pot^  used  in 

making  glass^ 

wotk 

BirT«l9PEl«« 

DivHl'et1i6^ilib*«bf  th^^Sta  tii^  ci^miWdiyisor; 

and  thifif  qdodljht  i^  he  the  area  in  pounds  avoirdupois. 
Multiply  this  area  by  the  depth;  and  the  product  will  be 
the  content.  < 

Noie,  All  pots  used  in  mdting  materials  for  gtasB*  are  ciieular ;  con* 
and  gauge^point«)givep4i^lb»|(W4i!btaTM»^ 

BXAMPLES. 


•  >   .    t 


h  Tll» tti<6aft^Uitth6t«ri9f  a (^lindrical g2^«^ i^ ^6, 
sndits  depth 83.8  indies;  requured  its  area  and  content 


BV  THE  PEN. 

fb  Jki  ihe  Mt^ 

Inches* 

32.6  diamder. 

1^ 


jrf' 


t  ti 


66*  ' 

J%eMr  10.77)1062-76(98^7  «**i*c  ikri«  ft  >b'^  ^tef. 
jDtvMor  11.68}1062.76(9a98  lbi.thenrmitipiate^h$s. 

Tt2 


4M  GLASS  BAXJOUXQ.  ('^^^  ^^) 

Tojindthi  conienL 

Then  ^.67  x  3$.8  :=zi3B5j04S,  the  conieni  in  pounds  cf 
JUfU  glass;  andgo.QB  x  33.8  =  3075.124^  the  canieni  in 
pmndt  qf  plate  glius. 

« 

BY  THE  SLIDING  RULE. 

To  Jtnd  the  area. 

As  the  drcalar  dmsor  on  A^  is  to  the  diameter  en  B; 
so  is  the  diameter  on  A^  to  the^area  on  B. 

On  A.      OnJB.    On  A-    OnB. 
Asi^H'^l*  W6  ••  SflL6  •  i9®-^7  lbs.  ^ea. 

*  *  *  •  .'"  '   i'     • 

To  find  the  content. 

4 

As  the  cnrcular  gawe-point  on  D^  is  to  the  depA  on  C ; 
so  is  the  diameter  <m  Dy  to  the  content  on  G. 


On  D.    On  C.    On  D.      On  C. 
.  53.2SV  .«««..  ^gfi  .  S^^^'O^-  content. 


2.  The  diameter  and  depth  of  a  cylindrical  pot  used  in 
melting  materials  for  making  glass,  are  S6A,  and  38.6 
indies  respectively;  required  the  area  and  content  in 
crown  and  bottle  glass. 

Ans.  The  area  is  98.95,  and  the  ootOent  3938.210  pounds 
qfcrmvn  glass  ;  and  102.23,  an4  4068.754  pounds  ^  bottle 

glass. 

•  .  -'  .    ' . 

3.  Required  the  area  and  oonttot  of  a  qiimlrical  pot, 
in  British  plate,  and  German  sheet  glass;  vhen  the  dia* 
meter  and  depUi  are  38.7  and  39.8  inches  respeetivdy. 

Ans.  The  area  is  104.15,  ami  the  content  4145.170 
pounds  (^JPriiish  plate  glass;  tmd  104*58,  and  4162.284 
pounds  ^  German  sheet  glass. 


(tfcT.  Vt.)  olaM  frXtratK».  4^ 


PROBLEM  IL 

7o  fouftf  and  )fixa.glaM8^t  in  form  of  a  cylinder,  or 
tki' fnutmn  nf  a  cone^  ns  pradUed  in  the  Excise.    . 

JDirwciiangJbr  gttttgikg  and  fixing  d  cylindrical  poi. 

First  find  the  area  of  the  base^  as  directed  in  the  last 
FnMem ;  from  this  avea>  mAke  die  proper  deductions  for 
waste  of  materials;  and  consider  the  remainder  as  the  net 
area  of  the  vessel.  iMultiply  the  net  area  by  the  ^wlK>le 
depdi^  and  the  product  will  be  the  net  contoit  ift^dnce 
the  net  area  and  conteht  into  hundred  weights^  quHiters^ 
and  pounds;  arid  from  the  content  subtract  the  area,  and 
die  remainder  will  l|e  the  content  kt  one  dry  inch.  From 
this  content  subtract  the  ^aine  «r&k ;  And  the  reminder 
will  be  the  content  at  two  dry  Inches,  &C.  &c.  until  you 
have  tabulated  the  whole  vesseL 

Note  U  Before  you  be^  io'table»  jwx  must  not  only  make  an  al- 
lowance of  om'fiurihfSa  one-fifth  of  the  area,  for  waste  of  materials  ; 
but  also  deduct  flrom  tft  trhole  content,  mop,  ihritt^  or  /oar  ilmet  (he 
aiea,  as  the  ease  may  require,  ip  qrder  to^nake  a  proper  allowance  for 
the  drossy  materials  left  at  Uie  bottom  of  the  pot,  which  cannot  be 
roanuftKtoxed.    fSeeAttowMce$,J 

2,  The  deductlDn  at  the  bottom  may  be  most  cMily  made*  by  sub> 
tracting  the  allowanjce  from  the  whole  depth  of  the  pot,  before  you  find 
the  cimtent. 

Directions  for  gauging  a/ndjixing  aj^pt  in  the  fornix  of 
'       Me  frttetum  of  a  cone^ 

Take  diameters  in  the  middle  of  every  6,  B,  or  toinches,, 
firoto  the  tqpidownwavd9;  find  the  area  of  each  section; 
and  make  the  proper  -cleductioits  for  waste  of  toaterials; 
then  multiply  eadi'area  by  its  respecttve  depths  and  the- 
sum  of  the  products  will  be  the  whole  content. 

Reduce  the  areas  anfd  corit^t  Into  hundMl  weights, 
quarters,  arid  pounds ;  tod  proceM  to  tabulate  thi^  ye^sei. 
for  dry  inches,  as  before  dittwtcd.        '  ' 

T  ts 
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(rA&T   TI.) 


Ncie.  In  order  to  mtke  tbt  dedoetfcw  at  lite  bottom,  •abtncl  the 
Allowance  firom  the  depUi  correipODdiDg  to  the  bottom  aeotioD. 

BXAMFIiES* 
EXAV.   1. 

The  mem  diameter  "ijt  n  cylindrical  pot  b  2d«3 ;  and  its 
depth  21.0mch«3;  itis  vemufed  to'  tabvdate  the  pot  for 
fiint-glaas ;  making  an  allowance  of  one^fourth  of  the 
whole  content,  and  one  inch  at  the  bottom  for  waste  of 
materials. .  . 

*      • 

Tq  JM.ihe area  and  ctrntmL., 

Here  23.3  x  23.3  =  542.^9j  the  squaire  Of'the  didmeter; 
and  542.89  -r  10.77  =  50.4  pounds,  the  gross' area.*  One- 
fourth  of  this  area  is  =  12.o  pounds;  then  5014  —  12.6 
f=c.37*8  pounds,  the  net  area  of  the  vessel ;  and  37.8  x  20 
ps,  756,  the  net  content. 

Now,  37.8  pounds  =  1  qr.  9.8  lbs;  and  756  pounds  = 
6  cwt  3  qrs.  0  lbs. ;  hence  we  proceed  to  tabulate  the 
vessel,  as  m  the  following  Table. 

A  TABLE 

Shewing  th^  Methqd  of  Inqking  the  Pot  givm  in  this 

Example* 


Dry 
In- 
ches. 

Full 

1 

2 

Cont«nti 
in 

aQ.  P. 

{Dry 
In- 
ches. 

Contents 
in 
C.  Q.    P. 

bry 
In.. 

ches. 

7 

8 

fl  « 

Contents 
C.  Q.    P. 

6 

0. 

3 
1 

00.0 

09.8 

3 

4t 

1 

« 

5 

5 
0 

t 

s 

5 
0 

2 

1 

1 
1 

• 

26.6 
09.8 

16.6 

09.8 

» 

4 
0 

1 

2 

1 

25J2 
09.8 

6 

0 

1 

1 

18.2 
09.8 

4 
0 

1 
I 

15.4 
09.6 

05.6 
09.8 

6 

0 

1 

08.4 
09.8 

5 
0^ 

1 

07.0 
09.8 

4 
0 

0 
1 

•        '         •  < 

In  this  manner  the  content  of  the  pot  Jta^y  be  found  at 
every  df}f  inch  of  its  depth ;  and  the  Learner  is  required 
to  continue  the  process,  and  form  a  Table  Book. 
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A  GLASS-MASBH^  f'ABLE  BOOK. 
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Dry 

Contents 

Dry 

Contents 

Dry 

Contents 

In- 

in 

In- 

m 

In. 

in 

dies. 

C.Q.  P. 

che&- 

C.  Q.  P. 

ches. 

C.  Q.    P. 

^1 

6tS| 

pot   3 

5r« 

f«T 

6 

* 

9    9$ 

lUii 

19 

.4 

6    1 

IT 

•7. 

4 

1    15 

2. 

16.10. 

m 

5^ 

6    0 

07 

8  U 

0[06 

In  this  manner  the  whole  Table  Book  may  be  ^anaed ; 
and  the  Leamet.is  required  to  continue  the  process,  from 
the  precedii^r  •liable,  after  it  has  been  completed.  (See 
the  JCcy  to  this  Work.)  . 

KoU^  Xq  f!9raiinga<y]a8s-Mak!er*8  Tal4eBo^#.the  decimab  $rt  re- 
jected when  the^  are  under  Ave.tenth&;  imt  wben  a  dedmal  is  five- 
tenths  or  above.  It  is  caUed  one.pouiid.  . 

EXAM.  2* 

The  dimensions  of  a  glass-pot  in  the  form  of  the  fiustpim 
of  a  cone,  the  areas  of  the  several  sections^  and  the  con* 
toits  of  the  different  divisions,  are  contsuned  in  the  fol- 
lowing Dimension  Book ;  it  is  required  to  tabulate  the  pot 
for  bottle  glass ;  making  an  allowance  of  one-fifUi  of  the 
whole  contait,  and  S  inches  at  l^e  bottom,  for  waste  of 
nuHeriab. 

DIMENSION  BOOK-     . 


Q 


■ 


6 
10 
10 
10 


36 


B 

^5 


S6.1 
32.3 
29.5 
25^ 


Areas. 


N^t 
Areas. 


di0p*l. 


ioa55 

80.50 
67.14 
50.17 


I 


CO 

S 


HO. 
64.40 
53.72 
40.14 


44x  6» 


Reduced  depth 


6 

xlO; 
xlO 
X   7 


S      «8 

**      C      ri 


482.640 


C. 


Q.  P. 


^^^ 


644.00 
537.20 
280.98 


2t24.44 


08.40 
25.72 
12.14 


33 


P  944.821  Content. 


Contents 
in 

a  Q.  P. 


4 
5 
4 


17 


6.64 

aoe 

5.20 
0.98 

12.82 


NoU  1.    The  net  areas  are  found  by  deducting  one-fiftli  of  the  grovf'* 
areas  ftooa  themselves.  4 

2.  Before  the  Learner  proceeds  to  tabulate  the  vessel,  he  oqghl,  by  way 
of  Practice,  to  find  all  the  areas  and  contents  given  in  the  Dimension 
Book. 
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4^  OLA8S  OAtOMG. 

A  tABLE 
Shewing  the  Method  </  Ineking  thk  Pot  giten  in  tUs 


Example. 


.*Ai 


Dry 
In- 

ches. 


FuU 
.1 
» 

3 


Contents 

In 
a   Q,  P. 


17 
0 


0 


0 


16 
0 


1 
2 


3 
2 


0 
9 


12.82 
24.441 


1<».38 
24.44 


2&50 

24441 


In^ 

oheik 


4.i^«i 


4 
5 


6 


in 
C.  Q.   P. 


14 
0 


18 

0 


3 

2 


13 

e 


12 
0 


24.44 

02^62 
2444 


0 


1 


06.18 


2  08.40 


25.78 


2108.40 


Oiy    Contents 
la*  ki 

ch«ft  C.  Q.    ?• 


8. 
9 
10 


1113117.38 
ip8.40 


II    10  0 
J        1^0  2 


11 

0 

10 
0 


1  08.96 


2 


06.40 


**M*ka 


00.58 
08.40 

2a]8 

2108.40 


In  this  tnatiner  the  content  of  the  pot  may  be  obtaioed 
at  every  dfy  inch  ;  and  the  Learner  }»  re<|wred  t^  oom< 
plete  the  process. 

.  Notwith«tandiii|^  the  areas  and  oontehts  of  |^a8»<ipot8  are 
estimated  m  pounds^  by  the  gac^ ;  yetdieduty  Is  illlMnrs 
charged  upon  the  reel  weight  ofthe  glass^  as  found  by  m 
scales ;  except  piftte  glass^,  which  cannot  be  convenient^ 
weighed.  For  the  method  of  charging  thedaty  onffint 
and  phial  gla8s>  we  must  refer  the  young  Officer  to  the 
General  Letter  of  S^U  4itfa,  1119< 

NoU»    In  the  Practice  of  Gstigiiig,  the  dr^f  inches  of  glass^pots  are 
talten  ivith  aa  lioa  gaujsin^iiwly  iida^ied  Ibr  Mt  pur^^ 
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CANJbLES. 


THE    MBTHOD    OF    ESTIHATING    TH£    WEIGHT    OF 
CAKJDLES,   BOTH  BY  THE  FEK    AND   THS 
1  .     SLIDING  EULE. 


PRELIHINAEY  OBSERVATIONS. 

No  person  residing  out  of  the  limits  of  the  Head  Office  ^ 
of  Excise  in  L<mdon,  who  is  not  assessed  to  the  Church 
and  Poors*  Rate^  in  the  parish  where  he  resides,  can, 
according  to  law,  make  or  manui&cture  any  candles. 

It  is  also  enacted  lliat  evfA^  maker  of  candles  shall  give 
due  notice,  in  writing,  of  the  time  wthen .  he  intends  to 
begp  the  prooe^  of  making  cantBes;  and  specify  in  such 
notioej  the  number  of  rods  of  which  the  making  is  intended 
to  consist;  likewise^  the  true  8i2^:andl  jiuinber  of  candles 
on  eadi  rod ;  and  when  it  is  intended  to  manufacture 
mould  candles,  the  exact  siiie  and  number  of  the  moulds 
tnust  be  sp^fied. 

PROBLEM.  : 

Given  the  nutnber  cf  Candles  in  one  pounds  the  nuwiber 
on  one  rody  and  the  number  of  rods^  to  Jind  the  whoh 
weight  in  pounds^ 

RULE, 

BY'  THE  PfiN. 

Multiply  the  number  Qf  canoes  on  one  rod,  by  the 
nun^ber  ot  rods ;  divide  the  product  by  the  number  qf 
candles  in  one  pounds  and  the  q^uotient  will  be  the  number 
of  pounds  required. 
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1.  It  is  required  to  reduce  &5  gallons  of  strong  beer,  at 
9s.  2d.  per  barrel,  to  table  beer,  at  Is.  lOd.  per  barrel 

6.5  gailons, 
6*5  fycior. 

325 

35.75  gjdhm. 

2.  It  is  required  to  reduce  7*5  gallons  of  table  beer,  at 
2s.  per  barrel,  to  strong  beer,  at  lOs.  per  barrel. 

7*5' gttUms* 
.2  fiteior,    ' 


1.50  gallons* 


Note.  These  reductions  may  be  casDy  made  by  the  SUding  Rule  in 
the  following  manner :  "As  one  on  A,  Is  to  the  factor  on  B  ;  so  is  *the 
given  number  of  gallons  on  A,  to  th«  required  number  of  gallons  on  R 
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SECTION  VII. 

The  Method  of  finding  the  Areas  and  Contents  of 
Vessels^in  Irish  MaU  Bttshels^  and  Irish  Liquid  Gal- 
lons; also  the  Process  of  reducing  Irish  to  English 
Measure ;  and  vice  versa.  Likewise  Specific 
Gravity^  or  the  Method  of  fifiding  the  Magnitude 
of  a  Body  Jrom  its  Weighty  or  the  Weight  of  a 
Body  Jrom  its  Magnitude ;  also  the  Method  of 
estimating  the  Tonnage  of  Ships  j  according  to 
the  Parliamentary  Rides. 


IRISH  MALT  AND  LIQUID  MEASURES. 


1»E£LIMINAKY  OBSERVATIONS. 

The  Irish  malt  or* com  bushel  contains  2178  cubic 
inches ;  consequently^  it  exceeds  the  English  malt  bushel  , 

by  27.58  cubic  inches ;  and  as  eight  gallons  make  one 
bushel,  the  content  of  the  Irish  malt  gallon  is  272.25  cubic 
inches.  The  Irish  liquid  gallon  contains  217.6  cubic 
inches ;  consequently,  it  is  13.4  cubic  inches  less  than  the 
English  wine  gallon,  and  64,4  cubic  inches  less  than  the 
Englidi  ale  gaUon. 

All  tibe  Rules  given  in  this  Work,  for  finding  the  areas 
and  contents  of  vessels,  in  English  measure,  may  be  ap-» 
plied  with  the  same  success,  in  finding  the  areas  and  con- 
tents c^  similar  vessels  in  Irish  measure  i  but  the  Irish 
multipHerB,  divisors,  and  gauge-points,  must  be  used,  in« 
stead  of  those  given  in  Part  I V. 

The  factors,  divisors,  and  gauge-points  for  Irish  mea- 
sures, are  found  precisely  in  the  same  manner  as  those  for 
English  measures ;  and  are  given  in  the  following  Table.  ^ 

U  u  - 
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A  TABLE   OF   IRISH  FACTORS,    DIVISORS.   AND   GAUGE- 
POINTS,  FOR  SQUARES  AND  CIRCLES. 


I 


I     ■      i 


Factors  for 


>^«< 


Irish  malt  bushel 


itish  malt  gsilon  .0096731.002894 


Irigh  liquid  gallon 


SquaraBJCkcles. 


.000459 


.000361 


.0045951.003609 


ivisors  for 


2178.00 
217.60 


@clei. 


2775.10 
34&64 

277.05 


Gauge-Poitits  for 


Sq^niitt& 


"II  «n  t      .fc 


4e.6T 

14.75 


Ciitias* 


62.66 
ie.62 

1:6.64 


PROBLEM  I. 

To  find  the  area  and  content  of  any  angular  veaael^  in 
Irish  malt  busheUy  and  liquid  gallons. 

RULE. 

By  the  Rules  givan  m  JVt  IV.,  find  the  area  of  the 
base  in  square  inches ;  then  multiply  this  area  by  .000459 
and  .004595;  or  divide  it  by  2178  and  217.6,  and  the 
respective  products  or  quotients  will  be  the  area  of  the 
base^  in  Irish  malt  busheki,  and  liquid  gallons.  Multiply 
this  area  by  the  depth;  and  the  product  wiU  be  the 
content. 

Kote,  The  preceding  Rule  will  give  the  content  of  all  angular  vessels, 
whose  sides  are  petpendkolar  to  ^e  base. 


SXAMPL£S. 

1.  The  Icsietb  of  a  vessel  in  ths<fi>rm  of  afMnHekpipe. 
don^  is  84  inches,  its  breadth  5firindies9  and  its  dcplii  42 
H»^es ;  required  itaarea and  contentin  Irish  malt  biubels, 
a&d  liqidd  gallons. 

'  Bj^  Pro^.  IL,  Port  IF.,  wekMeM  x  S6ss  4ffm^  He 
area  of  the  base,  in  square  incbes;  and  4704  -^  2178  ss 
2.159>  the  area  in  Irish  maU  bushib  ;  aiso  4704  -f*  217^ 
=  21.6179  the  area  in  Irish  Uqusdi  galkms^  tkem2.l5g  x 
42  Us  90.67m  theconientoftheves^in  Irish  maU  hmkels; 
and  21.617  X  42  K  907»914>  Ihs  smtm  in  Irish  Uqnid 
gaUms. 


.Til.)  man  m4siims8.  IM 

[!lteleBgth«f  a  Mctao^^ukr  vwd  k  d&«,  to  braadth 
md  kg  depth  55i4  inches ;  recked  it«  area  and 

t  in  Irish  malt  bushels,  and  liquid  gallons. 

The  area  and  contad  are  2.S26  and  156.5604  Irish 
usAds;   and  28.292  and  1^67*3768  Irish   liquid 

Remark, 

bis  Probbm  we  liave  made  choice  of  the  Plurallel* 
on,  because  no  other  angular  figure  occurs  so  fre* 
y  in  Gauging  ;  however,  if  &e  content  of  any 
be  found  in  cubic  inches^,  by  the  Rules  given  in 
.;  and  this  content  divided  by  217.6,  andSlTS; 
pective  quotients  will  be  Ae  content  in  Irish  liquid 
i,  and  malt  bushels. 

PROBLEM  11. 

.d  the  area  and  content  of  a  o^indrical  vessel^  in 
Irish  malt  iushels^  and  liquid  gallons. 

RUUS. 

Itiplythewtfare^  the  diameter  by  .000961,  and 
)9;  or  di^vide  it  by  87T5.1,  and  277.05;  and  the 
tive  produeis  or  quotients  will  be  die  area  of  the 
in  Irii^  malt'bttshds,  and  liquid  gallons.  Multiply 
ea  by  the  depth,  and  the  product  will  "be  the  con- 

EZAMPLES. 

The  diameter  of  ax^Hndrieal  Teesel  is  56  inches,  and 
»th  48  inches ;  required  its  area  and  oo&tept,  in  Irish 
ushels  and  liquid  gallons. 

e  56  X  56  =:  8136,  ihe  square  qf  the  diameter  ;  and 
7-  277^1  ^  l^lJOSy  the  area  in  Irish  malt  inuhels; 
ns6^  277i)5  =  11.3192,  ihe  area  in  Irish  liquid 
t;  then  1.1308  X  48  =  54.2784,  the  content  t^tbe 
In  Irishman kushOs ;  and  UM92  X  48  =  543.3216, 
Uent  in  Irish  UquidgaUoas. 

The  diameter  of  a  cylindrical  vessel  is  82.4  indies, 
3  d^tb  52.6  inches ;  required  its  area  and  oontent  in 
nalt  bushels  aad  liquid  galloQS. 

Uu2 


Ms 
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[n  IBSTrish,  how  many  English  bushels  ? 

*%  1 .0126  X  1 86  ^  1 88.8608  Ef^Rfh  hnskds. 

[n  106  IrUh  gallons^  how  many  English  ale  and  wine 

IS? 

'€  .7716  X  106  =  81.ra96  Eng&A  ale  gallons;  and 
X  106  =  99.6414  EngUsk  wine  gallons. 
A.  Maltster  in  Dublin^  ships  for  LiverpooS^  S685 
s  of  asAt,  according  to  the  gauge  in  Treland  ;  for 
number  df  foushds  mu^  the  duty  be  charged^  when 
ah  arrives  in  England  ? 

Ans,  2719.S68  EngUsk  malt  bushels. 
\  Distiller  in  Waterford^  ships  mr  Bristol^  25  casks 
dskey^  containing  2864  gallons,  according  to  the 
in  frdand ;  for  now  many  galk)ns  must  the  duty 
irged>  when  the  liquor  arrives  in  England  ? 

Ans.  2697.6016  EngUsk  wine  gallons. 
\  Brewer  in  Cork^  ships  for  Mflford^  56  barrels  of 
ich  containing  32  gallons,  accordins^  to  the  gauge  in 
d;  for  bow  many  boxreii  of  S6giiUaos  eacn,  must 
ity  be  charged,  when  the  liquor  arrives  in  England  ? 
ilns,  38  barreb,  14.7  gallons,  EngUsk  ale  measttre. 

PBQBLEM  IV. 

To  rsduoe  imglish  measure  io  IriA  measure* 

RULE- 

kipiy  the  giwn  noftiber  of  bushels,  English  measure, 
i73 ;  osid  &e  product  will  be  the  numl^r  of  bushels, 
measiive*  Also,  multiply  die  given  number  of  gal- 
de  measure,  by  1.2959;  and  the  given  number  of 
KB,  wine  measore,  by  1.0615;  and  the  respective 
eta  Tvili  be  the  number  of  gallons,  Irish  measure. 

r.  The  maltipIierB  given  in  the  preceding  Rule,  are  found  by 
g  the  English  l^  the  Irish  square  divisors. 

EXAMPLES. 

In  198  English,  how  many  Irish  bushels  > 
re  .9873  X  19s  =:  195.4854  Irisk  malt  bushels. 

Uu  3 
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2.  In  2685  English  ale  gaBons,  how  many  gallans,  Lriah 
measure?  Am.  S4S79.4Q15 gaUons. 

3.  In  36S4i  English  winegallan^^  how  man^r  g^Uons, 
Irish  measure  i  Am.  3857-491  gellmu. 

Remark. 

All  the  directions  and  Rules,  given  in  Part  VI.,  for 
anuging,  fixing,  and  inching  the  Utensils  of  Victuallers, 
Common  Brewers,  Maltsters,  and  Distillers,  may*  be  ap- 
plied with  the  same  success  in  gauging,  fixing,  and  inching 
similar  vessels,  according  to  the  Irish  measures;  care 
however,  must  always  be  taken  to  use  the  Irish  divisors,  in 
order  that  the  areas  and  contents  of  the  vessels  may  be 
obtained  in  Irish  liquid  gallons,  and  malt  bushels. 


SPECIFIC  GRAVITY. 


PRELIMINARY  OBSERVATIONS. 


Specific  Gravity  is  the  relative  weight  or  gravity  of 
any  body  or  substance,  considered  with  regard  to  some 
Other  body  which  is  assumed  as  a  standard  d^  comparison  ; 
and  this  standard,  by  universal  consrat  and  j^ctice,  is 
rain-water,  in  consequence  of  its  being  less  subject  to 
variation  than  any  other  body.  By  a  very  fortunate  coiii- 
cidence,  it  happens  that  a  cubic  foot  of  rain-water  weighs 
exactly  1000  ounces  avoirdupois ;  consequently,  angmyiing 
this  as  the  specific  gravity  of  rain-water,  end  oompar^ogaD 
other  bodies  with  it,  the  same  numb^  that  express  the 
specific  gravities  of  bodies,  will  also  express  the  wei^t  of 
a  cubic  toot  of  each  body,  in  avoirdupois  ounces,  which  is 
a  great  convenience  in  numerical  Qomputations. 
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Silver  ...11091 

lard  Silver  10535 

er ;,...  9000 

Metal  8784 

Brass    SOOO 

7850 

7645 

Iron 7425 

7320 

1-stone..; 4^0 

lite SOOO 

jle 2700 

s    2642 

t 2570 

;ol-stone..» 2510 

land-stone 2496 

-stone 2484 

!Cshire-stone  2442 

2160 

id-stone 2143 

Pord-stone 2049 

:k    2000 

lit  earth 1984 

y     1825 


4  Table  of  the  Specific  Gravities  of  Bodies. 

Gold  196401  Chalk 1793 

laid  Gold 18888     Sffiid  1520 

i  Silver    ;. ..14000    Lignum  vitae 1333 

11325     Ebony    1331 

Coal    1250 

Pitch  1150 

Mahogany ...lOdS 

Box-wood  1030 

I  Sea-water  1030 

I  Common  water ..lOOO 

Oak    925 

Gunpowder,  shaken ...  922 

Ix^wood    913 

Beech 852 

Ash 800 

Yew   797 

Apple-tree ,  793 

Plum-tree  785 

Maple 755 

Cherry-tree    715 

Pear-tree 66I 

Cedar  of  Lebanon 6l3 

Elm    , 600 

Willow  5S5 

Fir 550 

Poplar    383 

Cork  240 

Atmospheric  air  .  • , ,  1 .2 

Die.    The  several  sorts  of  wood,  mentioned  in  the  preceding  Table, 
upposed  to  be  drj, 

A  Table  of  the  Specific  Gravities  of  Liquids. 


3ft/*,  Beer,  4v. 
8  and  goat's  milk«..1036 

wnbeer    1034 

7's  xxnlk..^ 1032 

5  beer   1023 

Ler ^ 1018 

of  spirits  922 

rit  of  wine  or  alcohol  833 
rhly  rectified  ditto...  829 


Various  Wines, 

Madeira •••.•.1038 

Canary   1033 

Malaga 1022 

Champa^e    ,998 

Port,  red  and  white  ...  997 
Bourdeaux,  or  Claret...  994 

Bui^ndy 992 

Xeres,  or  Sherry  992 
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Note.  Madeira  and  Canaiy  wines  ai«iiii|3aiiied  from  two  iaia^ 
same  name,  lying  in  the  Atlantic  ocean.   Malaga  and  Sherry  are  brought 
from  Malaga  and  Xeres,  two  towiifi  ahuBteAin  Gnmada  aiui  AndiAinia. 
in  Spain.     Champagne,  Claiet,  and  Sivgundy,  are  brought  Aroon 
France;  and  Port  is  brought  from  Opofto  and  Lisbon,  in  FortugaL 

PROBLEM  f . 

To  Jind  the  magnitttde  of  a  body  from  its  weight* 

aULB. 

As  the  tabular  specific  fppmty  of  the  bod^. 
Is  to  its  weight  m  avoirdnpois  ounces ; 
'    So  is  one  cubic  foot,  or  1728  cubic  inches^ 
To  its  magnitude  in  fe^^  m  inches^  respectively. 

XXA1EI>LV8. 

1.  A  quantity  of  Madeira  wkie  "weighs  9^^  pmaids 
avokdupois ;  required  its  eantent  in  wine  gallons. 

oz.        Ib.ixu       ctL  in. 

As  loss  :  ^  8  : :  17^8 

16  1618 

572  siSS 

94  1728 

1512         8^40 

^7^^ 

IXvisor  10S8)26l27S6(2517  cubic  inches. 
And  isn  -r  2S1  =  IO.89I9  the  cmiient  in  wine  gallons. 

2.  A  caskof  proof  spirits  weighs  186  pounds  12  ounces 
avdrdupois;  wnat  is  its  content  in  inne  galkxis  ^  deduct- 
ing 45  pounds  9  ounces  for  the  weight  of  the  cask  ? 

Ans.  18.32  wiHe^salltms. 
S.    A  piece  of  carved  tosihoj^y  weighs  58lbl  10  oz. 
avoirdupois ;  what  is  its  content  in  cubic  inches  ? 

Ans.   15^4!  cubic  inches. 
4.'  Ah  empty  cask  weighs  56  pounds  9  ounces  ;  required 
the  Content  of  the  materials,  in  cubic  inches :  the  cask 
being  made,  of  diy  oak* 

Ans.  1690  cubic  inches. 
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PROBLEM  11. 

find  the  weight  of  a  body  from  iU  magnitude* 

RULE. 

s  one  cubic  foot,  or  1 728  cubic  inches, 
;  to  the  content  of  the  body  ; 
9  is  its  tabular  specific  gravity,    ^ 
o  the  weight  of  the  body. 

EXAMPLES. 

Vhat  is  the  yreight  of  146  galloBs  of  Port  wine.^ 
cti,  in,    gal.        cu.  in.        oz. 

As  1728  :  146  X  351  : :  997 

146 

1386 
924 
231 


33726 
997 

236082 
303534 
^  303534 

Divisor  1728)3362*822(19458  ounces.       ^ 
i  19458  02.  =  10  ctpt*  3  qr.  12/6.  2  oz.  the  weight 
'ed. 

Required  the  we^ht  of  36  gallons  of  brown  beer. 

Anfi.  Scwt.  1  gr.  15  lb.  10  oz. 

Required  the  weight  of  a  block  of  marble,  whose 
h  is  63  feet,  and  its  breadth  and  thickness  each  12 

these  being  the  dimensions  of  one  of  the  stones  in 

alls  of  Balb^. 

s,   683.4375  tons,  which  is  nearly  equal  to  the  burthen 

East  India  ship. 

e,  Balbec  is  a  town  of  Syria,  situated  about  37  miles  north  of 
icus.  Its  riuins  are  stupendously  grand.  It  is  supposed  to  have 
ounded  before  the  Christian  era. 


7%^  MeSwd  of  EiHmaiifig 
THE   TONNAGE   OF  SHIPS. 


PRfiUMINABY  OBSERVATIONS. 

If  the  number  of  cubic  feet  of  water  wiuch  a  skqi  dis- 
p]aces>  in  sinking  from  tiie  H^  mater^mark  to  the  load 
foater-mark,  be  divided  by  S^^  (the  tiumber  of  cubic  feet  of 
sea*water  in  one  ton^)  the  quotient  will  be  the  number  of 
tons  which  the  vessel  is  capable  of  carryings  or  the  vessel's 
true  burthen. 

Now  the  nvmber  <of  «dbic  feet  ef  water  so  displaced^  is 
exactly  equal  to  the  solid  content  of  so  muiih  of  the  body 
of  the  ship^  as  is  contained  between  die«aidtwo  nuUer4ines 
or  marks  ;  but  in  consequenoe  of  the  great  variety  of  forms 
given  to  this  part  of  the  vessel^  no  exact  practical  Rule  can 
be  given  that  will  apply  in  all  cases« 

If  indeed  the  areas  of  three  or  five  horizontal  sections  of 
that  part  of  the  hull  contained  between  the  said  two 
water-linesj  could  be  obtained  by  means  of  equidistant 
ordinates^  then  the  content  might  be  correctly  found  by 
Prob.  XIX.,  or  XX.,  Part  V.;  but  as  the  taking  of  the 
dimensions  of  these  sections  would  be  attended  with  great 
difficulty,  we  shall  give  the  fdlowing  Parliamentary  Rules 
for  ascertaining  Xm  tonnage  of  Merchants'  and  King^s 
ships. 

CASE  L 

When  th»  ver^  i$  hid  4ty* 

RULE. 

Measure  the  length  on  a  straight  line  along  the  cabbit 
of  the  keel  of  the  £ip,  from  the  back  of  the  main  8ten> 
post,  to  a  perpendicular  line  let  fall  from  the  foro<mrt  of 
the  main  stem,  under  the  bowsprit ;  from  this  lei^gtn,  sub- 
tract I  of  the  extreme  breadth ;  and  die  remainder  will  be 
the  length  of  the  keel,  for  tonni^.  The  breadth  must  be 
taken  from  outside  to  outside  of  the  plank,  in  the  broadest 
part  of  the  ship,  whether,  above  or  below  the  main  wate} 
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sive  of  al!  manner  of  doabling  planks^  or  shealliHii^, 
^ay  be  wrottj^ht  upon  tbe  ams  of  the  vtfstl ;  then, 
ply  the  len^  of  the  keel^  in  feet,  hf  the  breadth, 
this  product  by  half  the  breadth ;  divide  the  last 
let  by  94 ;  and  the  quotient  will  be  the  tonnage  re« 
i 

EXAMPLES. 

The  length  fVom  the  back  of  the  stem-post  to  a  line 
11  from  the  fore-part  of  the  main  stem,  is  68  feet  6 
s ;  the  extreme  breadth  from  outside  to  outside  of  the 
>  26  feet  6  inches ;  required  the  tonnage  of  fhe  ship. 

Feei. 
Gross  length  88^  of  the  keel 
26.5  X  J  ==  15.9  ihe  deduclimu 

True  kngtk  72.6  difference. 

g6.5  breadth  of  the  beam. 

S630 
4356 
145g 

19^5.90  first  product. 
13.25  half  the  breadth. 

961950 
384780 
577170 
192390  , 

25491.6750  sfcond  product. 

en  25491.675  -7-  94  =  271.188  tons,  the  burthen  or 
xe  required. 

The  length  from  the  back  of  the  stem-pjost  to  a  line 
1  from  the  fore^part  of  the  main  stem,  is  108  feet  9 
\ ;  the  extreme  breadth  from  outside  to  outside  of 
ank,  29  feet  6  inches ;  required  the  tonnage  of  the 

Ans.  421.4^  tons. 

CASE  II. 

When  the  vessel  is  afloat. 

RULE. 

Gail  a  plumb-line  over  the  ^tem  of  the  ship,  and 
re  ihe  distance  between  this  line  and  the  aft  part  of 


€M  SHIP  GAUGING.  (PART  TI.) 

tfaeiHem^post,  •fttfaelofidwatO'*iiiark;  then  measure  from 
the  top  of  the  said  plumb-line,  in  a  paiallel  direction  with 
the  water,  to  a  perpendicular  pcnnt  inunediately  over  the 
load  water-maiky  at  the  fi>ve>part  of  the  main  stem ;  from 
the  last  measured  distance  subtract  the  former ;  and  the 
remainder  will  be  the  ship's  extreme  length.  From  this 
length,  deduct  3  inches  for  every,  foot  of  me  load-draught 
of  water,  for  the  rake  abaft ;  and  also  f  of  the  ship's  ex« 
treme  breadth  forthe  rskeof  the  stem;,  and  the  remainder 
will  be  the  true  length  of  the  keel,  for  tonnage.  The  ex- 
treme breadth  must  be  measured^  and  the  tonnage  found 
as  directed  in  the  first  Case. 


EXAMPLE. 

The  true  length  of  an  eighty  gun  ship,  afler  all  deduc- 
tions are  made,  in  taking  the  mmensions,  is  150  feet  9 
inches ;  and  the  extreme  breadth  50  feet  6  inches ;  re- 
quired the  tonnage  of  the  vesseL 

Ans.  2044.94*78  Urns. 

Note  1.  It  ts  found  by  experience,  that  ships  of  war  carry  leas ;  and 
most  merchant-ships  cany  considerably  more  tonnage  than  they  aic 
rated  at,  by  the  pKoeding  Rules. 

2.  Some  Writers  on  this  sul^ect,  divide  by  100*  instead  of  94,  for 
King*8  ships.  On  the  same  principles,  the  divisor  for  Merdiants*  ships 
should  be  decreased,  perhaps  to  90  or  92. 
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506  ACTABLE  (fabt  \u.) 

Of  the  Arias  of  CireUs  ta  AleCkilhi^ 


Diams. 

ia 
Inches. 


1 

S 

.  4 
5 
6 

7 
8 

9 
10 

11 
12 
IS 
14 
15 
16 
17 
^8 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 


.1 


33 
34 
35 
36 


0.00S7  a0033 
0.0111  OM&lt 
OXtt50|  0.0067 


0«078 

d.103 

0.1 

0.1827 

0.280« 

0.2841 

tll5<3a 

a4077 

0.4779 

0.5537 

0-6350 

0-721^ 
0.8143 

1X)160 
1.1252 

1.2399 
i.8602 
l.$86i 
1.6176 

1.8972 
2.0454 
2.1991 

«.5t33 

2.6Q37 
2.8696 
3.0513 
3.2385 
I  3.4312 
3.6295 


0 

0.1002 

0.1364 

0.1782 

0.2S55 

0.2785 

H)3Sf§9 
0.4010 

0.4706 

0.5458 

0.6266 

t.7lS9 
0.8048 

Di9t29 

1.0054 

1.1140 

1.2282 

1<3479 
1.4733 
1.6042 
1.7406i 

1.8867 
2.0303 
2.1835 
2.3422 
2.5065 
2.6764 

•2.8519 
3.0330 

3.2196 
3.4117 
3.6095[ 


0.0040 
*.Mi&4 

0^0285 
BM» 
0.075a 
MO7O 
0.1443 
0.1872 

o.m57 

0.2897 
0.8«98| 
0.4145 
0.4^52 
t>.56l5 
0.6434 

(k!m9 

0.8239 

1.0266 
i.l364 

1.2517 
1^26 
1.4990 
1.6310 
1.76iB6 
1.9118 
2.0605 
2.2148 

2.874^ 
2.84m 

2.7111 
'2.88'^ 
3.0698 
3.2575 
3.4508 
3.6497 


.4213 


Q/)047 

0.0147 

04)303 

9MH 

0.0782 

%1105 

6.1484 

0.1918 

OJ240 

0.295 

0. 

0.492 

0.5695 

0.6519 

0.7399 

0.8335 

9(9327 

1.03741 

1.1477 
1.2635 
'1.8850 
1.5120 
1.6445 
1.7827 
1.9264 
2.0757 
2.2305 
2.3909 

2.7285, 
939656 
3.0884 
3.2766 
3.4704 
3.6698 


D.0054 
0.0160 
0.0^1 


0.0812 
b.ll40| 
0.1525 
0.1965 
0.2460 
0.3012 

C.3619 
0.4282 
0.5000 

0.5775 
0.6605 

*a749o 

0.8432 

094991 
1.0482 

1.1590 

1.2754 

1.3974 

1.5250 

1.6581 

1.7968 

1.9411 

2.0909 
2.2463 
2.4073 
2.5738 
2.7459 
2.9036 
3.1069 
348957 
3.4901 
3.^1 


t  Diams.' 
Inches. 


' 


t 

9 

10 
'» 

14 

90 

74 

3€ 
«7 


50 
SI 
S2 

d4 
95 
96 


.5 


aoi74| 

O.OMI 
0(0569 

9.1566 

Mmo 

0.9689 
0.4851 
05070 

Mm 

01756SI 
0.8589 
a9^ES8 
1.0590 

1.51874 
1*4099 
1.5980 

1.6717 
1.9110 
1.9598 

e.io6ft 


^.5906 
S«7680 

2.9417 
9.1255 

9.9149 
9.710* 


.6 


.7 


OtO071 

AO960 
0bM89 
0^0879 
ai219 
0^009 

0^059 
0111566 
0k9lt^ 
019T47 

a4i^i 

0i515] 
CU5986 

a«rr7 
oiaftT 

Oi9fi3S5 

1-0^ 
1.1819 

1«48S!5 

ijfmi 

1.69541 
1.8S58 

1*9706 
2.1215 
fiJI?81 
».4401 
f.«076 
«,7910 

St9598 
9L1446 
9.994S 

9L5997 
9.7^09 


aooeo 

OUHa06 
0,Oi381 

ao6i9 

04f904 
ai250 
0kl:651 

odioa 

OiS480 
a9188 

a98i9 
a44»t 
a5«7 

06019 


07767 
08725 

P«97a9 
1^0908 
1.1999 
13114 
1.4851 
1;5649 

1.6991 
1.8996 
1.9654 
8.1869 
8;89^ 
t.4567 

8.7987 
9.9780 
9.1690 
9.9595 
a5496 
9.7519 


O(OQ90 

aoi08 

OO04t 
Oi0ff36| 

ai98r| 

ai6g4 

6^156 

09«M 

09948 

09877 

04569 

Ov58Q9 

OftOO 

06858 
OTlflp 

08884 
<MN48 
1«8919 
1«9019 
li^(99(5 

1.4478 
1*5775 

1.7199 
1*8598 


9.1594 
9.8100 
9.4799 
9^6490 
948164 

9<9966i 

9.18X8 

9*9798 

9.569* 

977161 


0.0100 
0.Q894 

o.(ms. 

0.0668! 

0.0969 

0.1895 

0.1798 

0.9906 

0.9799 
0.9808 

0.39^ 

0.4684 

0.5881 

0.6189 

0.7041 
0.79^4 
0.89^9 
0.9948 

1.1099 
1.9165 

1.9857 
1.4605 
1.5908 
1.7967 
1.8689 
9.0159 

9.1679 
9.8961 

9.4899i 

9.6599 

9.8841 

9.(»46 

9.9006 

9.9999 

9^48^4 

9.7992 


.j;ui  uj 


r 


X  X  2 


c 


A  TABLE 


Qf  Ar  Armi  ifCirdti  in  A  OtiBtms. 


Vfl.) 


S7 
M 
99 
40 
41 
4ft 
43 
44 
45 
46 
47 
49 

49 
50 
51 
52 
5$ 
54 
55 
56 

57 
58 

59 

eo 

61 
« 
65 
64 
65 
86 

67 
68 
69 
70 

n 

72 


5^128 


:i 


iS 


&m54( 

4jOS1«  404« 

4f56l  Aosn 

4w456l!  4w47IH 
4w68l7!  4.7045  4.7275 
4^9129!  4.986ft  4.9S98 
5.1496;  5.1756 
5.8919  5.4164 
5.6898  54649 

5.9I89 

6.1784 

6.4486 

&7148 

&9906 


5.8982 
6.1502 
6.4168 
616870 

6.9627 

7.2440 

7.5809 
7.8288 
8.1218 

8.4249 
8.7840 

9.0487 

9-8690 
9.6949 

0.0268 

0.8688 


1.0540 
1.4077 


7.55991 
7.8528 

6.1514 
8.4555 
8.7652 
9-0805 
9^4014 
9.7278 
10.0598 


0.7059 10.7404 


11.0891 
11:4484 


2.1^18 12.1686 12.2055 


2.8788<,12.9162 


8.6469 


4.4379 


18.2988 
18.6860 


4.O896 14.0792 


14.4780 


8.8748  8. 
44)854  4.K 
4.5015  4. 
4.5282  4.545: 
4.7505  4.778^ 
4.9688.  5.( 
5.1976  5.2217|  5.24^ 
5.44101  5.4657!  5.490^ 


5.9446 

6.2047 
a4704 

6.7417 
74)185 

7.8009 
7.5889 

7.8825 

8.I8I6I 

8.4868 

8.79® 
9.1124 

9.7607 
10.0988 


5.7152  5.7405 


10.897810.4814 


10.7751 
11.1248 

11.4791 


1 .7670 1 1 .8082  i  1 .8896 1 1.8759  }  1 .9128 


2.5028 12.5896 12.5770 12.6145 


12.9541 


14.5182 


5.97O8 
6.2810 
6.4978 

6.7591 
7.0465 

7.8295 
7.6I8O 
7.9121 
8.21  IS 
8.51701 

8.8279 
9.1442 
9.4602 

9.7987 
10.1268 
10.4655 


11.1595 
11.5149 


{2.2424 


12.9921 
18:88681^8.8754 18,4140 
1817250  {8.7642  18.8084 
14.118814.1565 


5.99^ 

6.2574 

6.5242 

6.7966 

7.0745 

7.8581 

7.6472 

7.94181 

8.242l| 

8.5479 
8.8592 

9.1762 

94987 

9*8268 

10.1604 

10.4997 


ia8097 10.^445 


11.1948 
11.5508 


12.2793 
12.6520 
)3U>802 


14.1983 
145585114.3988 


M$ 


Indies. 


37 

41 

4* 
43 

44 
4k5 
46 
47 
.48 
4© 
50 
51 
6^ 
53 
54 
65 
56 
51 
5& 
59 

6l 

63 

64 

65 
66 

67 

6a 


70 
71 


&4788 
^«£K>7 

^i5S\3 
g;8599 
10.1941 
10.5339 
1<VP792 
11^302 
1U5867 
U-948T 


69*    1^4527 


I 


4»^454 
4.5682 

4.7966 

5ua305 

5.2701 

5^5151 

5.7658 

6U)£20 

6<£838 

&551^ 

6.8241 

7.1027 

7.3867 

7^7641  7.7057 

7.9716   8.0014 

&2724   8.3028 


8.6097 
8.9222 
M402 

».56^9 
9.898 1 

10*2278 

10.5682 

10.9141 


11.9852 


12^164 12.3534 12.3906 


I2f6896 12.7272 

13.0683 13.1065 


i.WM\  8,979^ 

4.14961  ^171i^  41028 

4.3674  4.3895  4.4117 

4.59O81  4«6l34  ^6S61 

4^8197   4.8429  4.866^ 
5.054^   5.0780 

5.2943   5.3186  5.343(M 

{^5400  5.5648  5.589^ 
5.7912   5.SI66 

6.0480  6.0739  6.1000 

6.SL03  6.33^  6.3635 

6.5782  6*6053  6.68U 

6.8517  6.8794  6;9071 

7.1308   7^590  7.1873 

7.4154  7-4442  7.4730 

7.7350 

8.0313  8.0613 

».6407  8.6717 

8.9^S7  8.9854 

9*37^^4 

9^5  9-6293 

9-9^63^  9-9596 


i9 


4.0005 
4.g|44 

4.4839 

•44^39 

4.8«95 

5*1014  54^57 
5^74 
5^47 

5.8421^  5.8676 
6.1261 
6.3901 
6.6597 
6.9?49 
7,8456 

7.4P19 
7.7644I  7.7938 

8.(^13 

S.^$8\  84^43 

8.7029 

9.0170 

»3a46i  9«3367 


IO.261 6)10.2955 


10.6025 


11.265611.3010 


10.949010^9839^11.0189^ 


11,622611.658611.6947 


I2.O2I8 


12,7649 
13«1448 
13.4914ll3.5302 


10.6369 


9.6620 

9-9929 
10.3294 
10.6714 


11.3365 


12.058412.0951 


12.4277 


13.1831 

13.5691 
I3.92i2ji3.9607 
14.3178 


11.3721 
11. 7308 


12.4^50 


12.8026 12.8404 


13.2214 

13.6080 

I4.q^l 

14.3578  14.3978 


If(.fl4^0ia9819 
14»2381 14.2779 
14^.6391  I4^795ll4.7200'l4w766^' 14.801 1 
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Of  the  Areas  of  Cireles  t^  AieCktUoi^ 


Diams. 

in 
Inches. 


1 

% 
S 

.  4 
5 
6 

7 
8 

9 
10 

11 
12 
IS 
14 
15 
16 
17 
i'8 

19 
20 
21 
22 
23 
24 
25 
26 
27 

2a 

29 
30 

31 


.1 


34 
35 
36 


aoos7 

0.01  lU 
0X»50 
0£4M 
04)696 
0.1002 
0.1364 
0.1782 
0.2255 
0.2785 

0.4010 
0.4706 
0.5458 
0.6266 

fX.7*S9 
0.8048 
<M929 
1.0054 
1.1140 
1.2282 

1.4733 
1.6042 
1.740^ 
1.8827 
2.0303 
2.1835 
2.3422 
2.5065 
2.6764 

3.0330 
3.21g6 
3.4117 
.3.6095 


a0033 

OMM 

04»6< 

O 

0.072 

€.im 

0.1 
0.1827 
0.28M 
0^2841 

0.4077 
0.4779 
0.5537 
0.6350 
a72ll|^ 
0.8143 

14)160 
1.1252 
1.2399 
i«3602 
1.4861 

1.6176 
1.7i»4(9 
1.8972 
2.0454 
2.1991 

«.5t33 
2.^37 

3.0513 
3.2385 
3.4312 
3.6295 


0.075a 
MO7O 
0.1  «I3 
0.1872 

o.n57 

0.2897 


a078 

%U0 

^148 

0.191s 

0.2408 

0.2954 


0.«I93  ^^^556 


0.4145 
0.4^52 
-0*5615 
0.6434 

a7ao9 

0.8239 
1.0266 

a.  1364 
1.2517 

1»3726 
1.4990 
1.6310 

l.76iB6 

1.91 18 
.2.0605 

2.2148 
2.^4^ 
2.840^ 

2.7111 
'2.W^ 

3.0698 
3.2575 
3.4508 
3.6497 


0.4213 
0.4926 
0.5695 
0.6519 
0.7399 
0.8335 
(K9327 
1.0374 

1.1477 
1.2635 
'i.3850 
1.5120 
1.6445 
1.7827 
1.9264 
2.0757 
2.2305 

2.3909 
^.55^ 
2.7285 
-^56 
3.0884 
3.2766 
3.4704 
3.6698 


0.0054 
0.0160 
D.0821 

0.0812 
0.1140 
0.1^25 
0.1965 
0.^460 
0.3012 

p.3619 
0.4282 
0.5000 
.0.5775 
0.6605 
U749O 
0.8432 

1.0482 
1.1590 
1.2754 
1.3974 
1.5250 
1.6581 
1.7968 
1.9411 

24)909 
2.2463 
2.4073 
2.^738 

2.7459 
2.9036 

3.1069 
3.2957 
3.4901 
3.^1 


i.y  iA  TABiE 


m 


lams. 
kl 

iches. 

r 
s 

e 

7 

» 

II 


1« 

14 

\6 

IT 
18 

20 
21 

dS 
2S 
24 

2« 

t7 

29 

31 
32. 

39. 
34 
35 
36 


.5 

aoi?4 

AQM3 
0^2012 


J 


M071 

<M>f83 


.7 


M9W 
MAM 


9.^633 

OAas% 

03070 
a33)S9 

017S32 

0^9532 
lwQ590 
l.l'JkH 
141874 

1*4099 
1.5380 

1.5717 
1.3110 
1.9398 
2.106ft 

9.SBQK1 

2wi23r 
2:3906 
5L7S86 

2.9*17 
3.1255 

3.3149 
3.3099 

3.7104 


9^73 
0il213 

o,iao3 

9,^069 

03129 

0374T 
041^1 

Osdiai 

CU39S0 

a«rr7 

9k7SM> 

oaftT 

9i9fi3S^ 

i.im3 

1^^9941 
l«422s5 

ijfmi 

1.03541 
1«8252 

1-97WJ 
2,1215 
2JK781 
2.4401 
2,1S073 
2,7810 

2,9596 
3L1446 
SMM 

3L5297 
3.7303 


09613 
94)904 
01250 
01:651 
O2I08 
9l2C80 
03188 
03812 
0449t 
03297 
09913 


«.77fl7 
08725 

09739 
1^0808 
1.1933 
13114 
1.485^ 
1:344$ 

1.0991 
1.8395 
1.9854 
2.18(59 
2;29^ 
t.4567 

2.7987 
2.9780 
3.1030 
3.3535 
05495 
3.7512 


O0Q99 
94M^18 
09908 
O904t 
9«989 
&1287 
9iia»4 
9^56 

03877 
04863 
<K59Q8 

oftoo 

00858 
07800 
08824 
949848 
1«8918 
1«2CN9 
li^(23(5 
1.4478 
1.5775 

1.7129 
1.8538 
2»9Q03 
2,1524 
2.8109 
9.4732 
2^6420 
248164 

2<9969, 
3.18X81 
3.8728 
3,599* 


I 


O.QI00 
0.Q834 
0.<M$3 
0.9668 

0.0969 
0.1325 
0.1738 
0.2206 

0.2729 
0.8908 

0.3943 
0.4634 
0.8381* 
0.9^3 

0.7041 
0.79^4 
0.89^3 
0.9948' 

1.1929 
1.2165 

1.3357 
1.4605 
I.59O8 
1.7267 
1.8682 
2.0153 

2.1679 
2.3261 

2.48991 

2.6592 

2.8341 

3.0146 

3.2006 

3.3922 


3771613.7922  > 
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X  X  2 


Of  ike  A^eai  of  Cirdel'in^itk 


DuunSk 

in 
Inches. 


57 
8g 
39 
40 
41 
42 
'43 
44 
45 
46 

47 
48 

49 
50 

51 

52 

53 

54 

55 

5» 

67 

59 
60 
6} 
6S 
6^ 
64 

es 

66 

€7 
68 

69 
76 

71 
72_ 


3.81d8 
4X)2f6 

4:4^61 
4.6817 

4.9129 
5.1496 

5.S919 
5.6398 
5.8932 
6.1522 
6.4168 
6L6870 

6.9627 

7.2440 

7.5309 
7.8238 
8.121s 

8.4249 
8.7340 

90487 
9:3^ 

9-6949 

0;0263 

0.8633 


0.705910 
1:0540 11 

1.40771 
1.7670 


4.4379 


:i 


5.8834 
4l042» 
4;257^ 
4.4784 
4.7046 
4.93^ 
5.17^ 
5.4164 
5.6649 
5.9I89 
6.1784 
6.4436 
«.714S 
6;9906 
7.«7«4 

7.5599 
7.3528 
8.1514 
8.4555 
8.7652 
9.080£; 
9:4014 
9.7«76 
10.059^ 
10.S973 
7404 

.0891 
1:4434 

11. 


808211 


2.1^l8|l2.l686|l2i2055 
2. 

2.878*19.9162*12 
3.^596  13.2983 
3.6469  13.6860 


4.039614.0792 


14.4780 


12 


3.8541 
4.064^ 
4.2796 
4i5008 
4.7275 
4.9598 
5.1976 
5.4410 
5.6900 
5.9446 

6:2047 
6.4704 

6.7417 
7^0185 
7.3009 
7.5889 
7.382f5 
8.I8I6 
8.4863 

8.7965 
9.1124 
9.4338 

97607 
10.0933 
10.43141 
10.7751 
11.1243 

11:4791 
.889611 


1.8759111.912s 
12.2424 
50231  I2.5396I  i2.577Oli2.6l  45 

12.9921 


^ 


T-rr 


3.18748 
4.0854 
4.3015 
4.523^ 
4.7505 
4.98S3 
5.2217 
5.4657 
5.7152 
5.9703 
6.2310 
6;4973 

6I769I 
7.0465 
7.3295 
7.6I8O 
7:9121 
8.21  IS 
8.51701 

8.8279 
9.1442 
9.4662 

9.7937 
10.1268 
10.4655 


11.1595 
11.5149 


.9541 
rs:S368lJ3*S754 
13:7«50 

i4.1 188114.1585 
14.5182 


.4 

4.*067 
4.S2S4 

4.5457 

5. 

5.245 
5.4^ 
5.7405 

5.9^ 

6.2574 

6.5^4^ 

6.7966 

7.0745 

7.3581 

7.6472 

7.94I8I 

8.94^1 

8.54^9 
8.8^ 

9.17fi2 

94987 

9.8268 

10.1604 

10.4997 


10.8097  io.N45 


11.1948 
11.5508 


|2.279S 
12.6520 
|S»0302 
13.4140 
1  S.80S4 
14.1983 
14.558511 4.5988 


1}  'At9AMtK 

Of  ^  AKttis  ^.Cvfiskt  -MtJk.  QtBmt. 


M$ 


Ixsnxis. 
nehes. 


^ 


37 
S9 

^9 
40 

43 

44 
45 
46 

47 
48 

5a 

51 
>52 
53 
54 
^5 
56 

57 

58 

59 

^  60 
6l 
6^ 
63 
64 

65 
66 

67 
68 

70 
71 
73 


4»ff54< 
4.#§8gt 

'54^05 
5.2701 
^5151 
f7658 

74027 
7.3867 
7j6764 


*5^788 

^082 

8-8599 
10^19^1 

10^P792 

IU5867 
11^9487 


ia.0683 
i;i4527 


I4k23ai 


41496 
4,3674 

4>^^0d 
4^19(7 
5.054^ 
5^294f3 
{».5400 
5.7912 

6.3103 
6^782 
6^517 
7.1308 

7.4154 
7.7057 


7.3716  8.0014 
4Lr2724   8.3028 


11.6226 
11.9852 


12.3164 12*353^^12.3906 

I2f6896 12.7^72 


13.1065 
13. 


1^84^^13.8819 


1^.2779 


114.6391 14.6795 


a-m*.\m i>  i^-  ' 


s 


JL99»4^  S,919^ 
j^l7m  **928 


4.3895 
4.6134 

4.8429 
5.0780 
5.3186 

5.8166 

6.0739 

6^SS69 
&6053 

6.8794 
M590 
7.4442 
7-7350 
8.0313 
8.3332 
S.6407 
8.9^S7 

9*^7^ 
9-5965 

9.9263 


4.4117 
4i636l 
4.86^ 
5a018{j 

5.3430 

5.8421 
6.1000 
6.3635 
6.6325 

6;9071 
7.1873 
7.4730 
7.7644 
8.0613 

^.6717 

^.9S54i 

9.3046 

96293 

,  ,       ,  9-93^96 

IO.26161IO.2955 

lO.6025|ia636£^lO 

19.9490109839 


8.6097 
8,92^2 

^402 

9.5639 

9^8931 
10-2278 
10.5682 
1<K9141 

11.2656|ll.3010{ll.3365 
11.658611.6947 


12.0218 


12,7649 

13«1448 

4914|l3.5302 

13.9212 


12.058412 

12.4277 
12.8026 12 


J13.1831 

13.5691 
13-9607 


14.317814.3578 
14.720014760^ 


4.Q905 
4.g|44 

4.^39 
I  44^^89 
4.8^95 
54^57 
5.3674 
5.6147 
53^761 
6.1i^6l 
6.3901 

6.6P97 
&9?49 
7.W56 

7.^19 
7.7938 
849013 
8^43 
8.7029 
9^170 

9.3367 
9.6620 

9^9929 
10.3294 

L6714 

11.0189- 

U.372I 

11.7308 

.0951 
12.4^50 

.8404 
13.2214 
13.6080 
14.Q0O1 
14.3978 
148011 


Xx  3 


IM  A  TABLE  (pkirvn.) 


Oiams. 

in 
Inches. 


7S 

75' 
76 

11 

18 

79 
80 

81 
8^ 
85 
64 
8^ 
B6 

87 
88 

89 
90 

91 
92 
9S 
94 
95 
96 
97 
98 

99 
100 
101 
lOS 
109^ 
•104 
105 
106 
107 
108 


.0 


.1 


14.8417  14^824 14.9282 
15.251215^92418.9887 
15i;666l  15.7079 15.7498 
16^0867 16.1290 1&1 715 
16.5128 16.5557 1615967 
16.9445 16.9880 17.0315 


17.S8I8 


17*4^58 


^     .4  " 


15.9751 
15.79t7 
16.2159 
16.6417 
17.0751 


• » 


14.9640 15.t)04d 


17.4699 17.5140 


17.8246 17^692 17.9158 17*9585 
18.275018.5181 16.565518.4086 
I8.727O  18-7727 18.8184  18.8642 
19.1865 19.2528  19.«791 19-5255 
19.6516 19.6984 19.7455 19-7922 


204864620.5121 


20.7425 


15^4165 
15^57 
16.12565 
16:6845 

I7.II67 
17*5S8S 
184)055 
1 8.4559 
I8.9IOI 

19-5719 
19.8592 


20.79O6 


20.1225  20.1697  20.2171 

20.6985  20.6465  20.6945 , , ,  ^^ 

21.0804  gl.1289  21.1774  21,«g60  21.2747 
21*567821.616621.665921.7151  21.7645 
22.0607  22.1 103  22.1600  22.2097  22.2595 
22.5595  22.6094  22.6596  22.7099  22.7602 
28^5425.1141  25.1649  25.2157  25.!l666 
25.5750  25j6245  25.6750  25.7271  25.7785 
24^0885  24.1401  24.1920  24.2459  24.2959 
24.6O9I  24.6615  24.7159  24.7664  24.8I9O 
25.155525.1884  <5.2414  25.2945  25.5476 
25.6674  25.7209  25;7745  25.8281  25^8818 
26.205026.259026.5151  26.5075  26;4215 
26.7481 26.8027  26.8573  26.9121  26.^668 
27.2967  27.8519  27.4071 27.4624  27^5177 
27-851027.9067  37-9625. 284)185  28.0742 
28<4108  28.4670  28.5254  ^8.5798  28.6562 
28.976i  29.0550  ^9-0899  ^9-1468  29.SO59 
89.5471 29.^045  29.6619  €9.71^29.7770 
5ai256  80.1615  50J2596  50.2g7fi3O.5558 
50.705750.7642  5a8228^50.8814  5a9401 
5i.295551.5524  51.4115151.4707  5r.5500 
51.886651.9462  52.0O5»52j0656  52.1254 
52.485452.5455  52.6058|52.666l|52.7264 


.  i.>  !  JL  TABLE 


sn 


3iains. 

in 
nches. 


7S 
74^ 

7-6^ 
16 
77 
78 

79 
80 
81 
82 

83 
84 
85 
^6 

87 

88 

89 
90 

91 
9St 
9S 
94 

95 
96 
97 
98 

99 
100 
101 
103 
108 
104 
105 
106 
107 
108 


U.MM 


t5{87W 
I6.d991 


.6 


'•*■■•« 


15.0867 


U^80 15,4995 


15.917$ 
163417 


l&7e«0.l&7712 


.7 


15:l«77 
15.5411 
2&9599|l&0D9i 


l6;5644 


17*2068 
17i^468ll7.69ie 


16.8144 16.8577 
17.«50017»«9S9 


17.6025 
18.0481 18;0930 

t^A99B.lS^447 
liS(S560 19.00£0 
i9«4184 1 9*4649 
19^86519^9384 
^.8597  da4074 
^8888  20.8870  30.9352|5»).9886 


■  j^.^868|8g:8478 


1&1379 
18.5902 
19.0481 
i  9.5115 


21.4210 


8I<;5898  81 .6486  81.7080 
8e;185832;2452  86.8051 


15.1688  15.2100 

15.5827  15.6S44 

16.0444 

16.4699 
16.9011 

17.3878 
17.7856|l  7.7801 


16.4271 


18.1829 

18.16857 
19.0941 
195581 


19-980520*0277 
20^551  20.50ft9 


21.4693 
21.9617 
22.4591 


131-828421.8722   _ 
2h81d5  21.862921.9128 
22<8098  2218592^22.4091 
22.8106  22;86l  1 22.91 1 5I22.962 1 
2aJ175  28.8685  28.4195  28.4707 
^^8800  28.881 5«8.988 1  28.9848 
24^480  24i4001  24.4528  24.5045 
«i4L87l6'24.9243  24^9770  25^9^  ^^^^;^^ 
25.4008|25.4540  25.5078  25.6606  25.^1 40 
25.935525.9898  26.0481 26.O970  26M510 
26^475826^801 26.5845  26j^9i[) 
27i0817  27X)766  27. 1 81 5  27.1 86S 
i  27^781 27J628627.<*4i  27-7897 

?8*I8(»  28.1862  28^2422128*2988 ^^ 

88.6927  28.7498  28.8059128486215  28.9198 
29S6G9  29.8180  2918752  2ft482i  29.4897 
;  29.8846  29-8928  899501 80.0078 
80^1 89  80.4722  80.5805  80.588^ 
I0*998i8  81.0577  81  ;1 1^581 .1754 


18.2879 
186818 
191408 
1 96049 
20.0750 

20.5507 
21.O8I9 
21:5188 
22i0112 
22.5092 
28.0127 
28.5218 
240365 
24.5568 
25X>826 


Sl;7675 


32.9078^82.9684138.0290 


2&^35 
27*2416 
27i7953 
28.8545 


30.0657 
30.6472 
3il.a34S 
3I.S270 
3214252 


10 

n 

12 
IS 
14 
15 
16 

17 
18 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
iK3 
34 
35 
36 

37 
33 

39 
40 
41 


9 


33,0897 
88-6997 


33.1505  33^11d|39,2791 


34.9362 


a 


33.7610  33.8223 


44.2162 


35.186:2 
35Sl5i 
36.4496 


34.9987  35.061 1 35.1237 
35.5629  35.6259  35.6889  35.7520 
36,1951 36.2586  3&3229  36.3859 
36.8329  36.8970  36.961 1 37.0253  37^96 
37.4763  37.5409  37.605«37.67O3  37*7352 
38.1252  3S.1904  38.2556  38.3209r38.3863 
38.7797  38.8454  38.9113  38-9771  39j0430 
39.4398  39.5061 39.5724  39.6i389  39.7053 
40.1054  4ai723  40.2392  40«3062  40.3732 
40.7766  4a8440  40.9115  40.9790  41 .0466 
41.4534  41.5214  41.5894 
42.1357  42.2043  42.2729 
42.8237  42.8927  42.9619 
43.5171  43.5868  43.6565 


44.2864  44.3567  44.4^70  44^4974 


44.9208  44.9916  45.0624 
45^310  45.7024  45.7737 


4^  156.1587^2378 


43 


S&95^5 


7«032l 
44  l5T.7518|57.832Q|57.9123 


■.II.  .11 


,3 


33^837 


34.315SI  34.377Q  34-4389  34,5009  34.562 


33.38 
33^ 


4&4906  46.5626l46.6347 


47,285647.3582 
48.0142148.0874 


48.7484 


46.3468  4&4187 
47.068147.140647.2131 

47.795147.868047.9411 

48.5275  4^601 1  48.6747 

49^2656  49^397  49.4139149.4881 

5a0092  5a0839  50.1586150.2334 

50.7584  508336  50.9089 

51.5132  51.5889  51.6648 

52.2735  52.84«8  52.4262 

53.0394  53.1163  53.1932l53.2703{53.3473 

53.8IO9  ^SS3$3  53.965^ 

54.5879  ^4^66^  54.7440 

55,370555.4491  55.5277 


41.657541.7256 
42.341542.4102 
43.0311  43  J004( 
43.7263  43.7961 


45.1333  45^042 
45.8452  45.9167 


50.9842 
51.7407 
52.5027 


54.0434 
54w822l 


48.8221 
49.5624 
50.3082 
51.0596 
5l,ai66 
52.5792 


54.1210 
54.9003 


55.6064  55.6851 
56.31 70I56.3962I56.4755 
57.1119 


57.9927 


57.191757.2715 


58.0731 


(8icT.i.)r  A  f  ABLft  "618 

(ft^  Afeds  of  Circles  in  Ale  GaOcms, 


Diama.1 


122 
i2S 
124 
125 
126 
127 
128 
J29 
ISO 

isi 

132 
ISS 
1S4 
iS5 
136 

137 
138 
139 
140 
I4I 
142 
143 
144 


41.79S9'41.8e21 
42.4790  42.5478 


.5 


sispio 


.6 


.7 


38.4550  33.5161 


33,5772 


34.0067  34.0683i34.129984.19l6[34.2534 

34.811634.8739 
35.4371  35.5000 


34.687134.7493 
35.311635.3743 


34.6250 

35.2489 ,^^. 

35.8783|35.941 6'36.0049|36.0682 

36.51  S3}36  5771 
37.1539,37.2182 


37.8OOO  37-8649 
38.451738.5172 
39.109039.1751 
39.7719398385 
40.4403  40.5074 


41.1 143  4i.l  820  41:2498 


43.1697 
43.8660 
44.5678 
45J2752 
45.9882 
46.7068 
47.4309 


48.1606  48.2339 
48.895948.9697 


49.6367 
50.SSS\ 

51.1351 
51.8926 


53.4244 

54.1987 
549785 

55.76S9 

56.5549 
57.3514 

58.1535 


43.2391 

43.9359 
44.6383 
45.3463 
46.0598 

46.7789 
47.5036 


49.7111 
50.4581 
51.2106 
51.9687 


52.6557  52.7324 


54.2764 
55.0568 
55.8428 

574314 
58.2341 


36.6410  36.7049  36.7689 

37.347137.4117 

37.9299187.9950  38.0600 


38.5827 
39.2411 
39.9051 
40.5747 


38.6483 


39.3073  39.3735 
39971 8I4O  0386 
40.641940.7092 
41.317641.3854 


41.9304 
42. 

44.0059 

44.7089 

45.4174 

46.1315 

46.8512 

47.5764 

48.3072 

490436(49 

49.7855 

50,5331 

51.2861 

52.0448 

52.8O9O 


53.501653.57*8 


54.3542 
55.1352 
55.9217 
56.7137 
57.5114 
58.314^58 


.8 


IWI    "I 


.9 


33.6384 


36.1316 


38.7140 


41.9988 


6167  42.6856  42.7546 
43  378043.4475 
44.075944.1460 
44.7795^4.8501 
45.4885  45.5598 
46.2032  46.2750 
46.9234  46-9958 
47.649247.7221 
48.3806  48.4540 
Ll  175  491915 
49.860049.9346 
50.6081  50.6832 
51.3618  51.4374 
52.121052.1972 
52.8858  5^.96^6 

5S.€56i  53.7335 

54.4321  54.5100 
55.2136552920 
560006  56.0796 
56.7988  56.^728 
57591557.67*6 
3953  58.4759 


42.0672 


51*  A  TABL£ 

Of  ^  Areas ^.Ci/nUs  in  Ah 


{tMLT  Ml) 


t>tems. 
Inches. 


' 


45 
46 

47 

48 

49 
50 
51 
52 
I5S 
54 
45 
56 

57 
5^ 

59 
60 

61 

6s 
64 
65 
66 

67 

69 

69 
70 

71 

7« 

73 
74 

75 
76 
77 
78 

79 
80 


(k 


65.1964  65.2816165.36^5.4503 
66u051 4166.1372  66.1S81 


66.9130  66.9983  67^0848  67.1712 


67-7781 


67.^51 


67.2578 
|6r.95fiO|68X)091 68.1262 
68.6499,68.7374  6ai249  68^1^5  ^.0001 
69^72  69^6152  69.7038  69^7915  69-8797 
7a41Ol|7a4987|70.5873  7a676D  70.T648 

4761971.5661  71.6554 

723720|72.46l8t72.5517 

73.4535 


.1 


58.£^67  58J6375 
59.3^2|59.4485 
60. 

61 V 
61. 


ia.7lSS  5&799e  5&S802 

59-529959-611459.^9 
ia32{60.2651  60:3471  60.4291  6a511i 
0048  61.0872  6ia698  6U25SS  6t.3950 
8320  61.9150  61.9981  62.0812  69.1644 
6^6647  62.7483  6e.8319  62.9156  62.999* 
63,5030  63.5872  63.6713  63.7556  63.8399 
64.3469  64^16  64^5163  64.6012  64.6860 


71.2985(71.387771. 
72-19«5i72J8822  ~ 


79*5452 


81.4391 


8(K4893  8a584l  8a6788 


.9 


.3 


6&3ogo  66.3950 


74.179074.26^74 


73.0921 73.1824J73.2727I73L3631 

73.9973  74w0881 

74.9O8O  74u9994|75.0908t75.1 

:75w8!^  75.9162 

76.7462  7&8387 

77.673677.7667 

78.606678.7002 


76.00^  76.1 
76.9312  77 

77.859877 
78.79^978 


79.6394  797336 


823943  82.4902 
8a3552  83.4516 
84i32l6  84.4186 

85.298685.3911 
8&2712  86.3693 

87.2543  87.3530187.45 16|87.5504|87.6492 
88.2431 88.3422  88.4415  88.5408  88.6401 
892373 89.337)  89.4369 895367 896366 
9fX2372l9a3375}9a4378)9a5382|90.6387 


.4 


65.5377 


.887678.9814 
»79^8279  79-9^2 


8a7737  80.8686 
81.5343(81.6297  81.7251181.8205 


82.6861 82.6820  82.7780 
8a54Q0  83.6446  83.741 1 
84.515684.612784.7098 
85.4887  85.5863  85  6840 
8&4674  86L5656  86.6637 


.3609^ 

75.2739 
6L1924 

771165 

8.0461 


dl5 


Oiams. 

lo. 
Inches. 


14C 

14? 

14« 

14» 

150 

i51 

158 

15S 

154 

•155 

156 

1^ 

15g 

159 

1^ 

1«1 

16» 
]«d 
1-64 
1«5 
166 

167 
166 

169 
17* 
171 

itr« 

17» 
1174 
175 
17I6 

IW 
17s 

ISO 

-   ■  "^ 


W'.  d.^n  5gMBd 


.6 


59.91284 19. 
59'774$l5«i^Bd6l  09.^^S7«  6DX>19i 


60.  Jf9fl»  60^675 

iSl.41776l. 

fte;S476^ 

6S.9d4S  64.O0S 
64.77C5  64;8» 
65.192^65.708 
66L48H)  66;d671 
^.3444  67^4^0 


.7 


d.28^ 

.    .     '.IdlS 

).r5r7*«).»*)d60.9«24 

iLSMfi  61.6661 61.7490 

Iw4148  68.4977  6g.5812 

18.9509  68.9849  68.41 89 

.<)9»l  64.177764.26^ 
4.^40965.02610  65.1112 
W9*8  65.8799  65.9686 
^1668866.789466.8257 

51:77  e7»)45  67.^1^ 

68.^^8  ^.8005  68^78m4751 68.5625 
e9.'0878  e^l'756  69.86&4%8IHS  Q9.4S92 
%967S  7ai05fi2  70.1446  70:2880  70.821 5 
70.8«86  7D.94te5  71  081471. 1204  71.2094 
71  .T448  71.8848  71-9287  72:0188  72.1029 
72.0446  72.781^  72.8«177^;9I  1«  73.0019 
78.5440  78.684578^7251  78.8158  78-9065 
74.45i9l74.54SO  74*684®  74.7254l74.8l67 
75.8655175.^71  75*54«8  75.640675.7824 
76Je845  76.8767  76.46go  76.561 8  76.6587 
77-^092  77.8020  77.8948  77.4«77  77.5806 
78.1891 78.^827  7l8.^ei  7B.41^  78.^181 
79.0752  79-1  esi  79.26«)  7&.8570  79.45 1 1 
60.O14S6  60rll  10  80;8055  80.8001  80.8947 
80.^85  61i0585  (^1.1586  81.2487^81.8488 
8ij9l60  82.0116  82.1072  82.202882.2986 
»fi;8741 82.9702  83.0664  88.  I€te6  88.2589 
#8.8877  88;9844  84.0811  84.1279-84.2247 
M.8069  84.9049  S5.0015  85:098885. 1962 
85.7817  85.8795  85.9774  86.0752(86. 1782 
86.7621 86;8604  86.9588  87.0578' 87. 1558 
»7r7480  87^8469  87.9*59  88.0449  88.1 439| 
88;7895  88;8890  m9$^5  89.O88O  89.1 877 
^.7866  89*^866  99^996^  90.0868  90.187CI 
90.7892190.8898  90.9404|9|.0411  91.141& 


590  A  TABLE 

qfA€  AnoM  ifCirdu  m,  W% 


(fakt  th.) 


37 
^ 

40 
41 
42 
43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 
54 
55 
56 

57 
58 

59 
60 
61 
62 
63 
64 
%S 
66 

67 
68 

69 
70 
71 

72 


4.654^  4j6797!  4w705o[  4^7303*  ^,^, 
4.9096^  4.93541  4^96141  4^74!  54)135 
5.1714*  5.I979I  5.2245  5.2512  5.2780 
5.4400'  5.46721  &4945  5u5219  ^^SA&A 
5.7154  5.7433i  5.7712  5.7993  5.8274 
5.9976  64126li  &0548i  &0835|  &1123 
6L286&  ^\S%^  6.3452J  6^4(^  6.4041 
6.5824!  &612^  6.6423,  6.6724;  6.7026 
6.88501  &9156  64K63j  &977I  7.0079 
7.1944;  7.2^57  7J2570]  7.288S  7.3200 
7.510^  7.54^5  7.5746  7.60671  7.6389 
7.8330  7.8662  7.8990  7*9318;  7.9647 
8.1634;  8.1967  8.2301  8JS636,  8.2972 
8.500O  83340  8.5681  8^6023  8.6365 
8.8434^  8.8781  8.91^8  8.9477|  8.9826 
ai93&  9.2289  9.2644  9-2999  9MS^ 
935061  93866  9.6228  9^6590  9JS9S3 


9.9144;  9.951 


0.6624,10.7005 
14>466jl  1.0653 
1.437«1 1-4770 


9.9879,1010248 


10.0618 
Oi850J103224|ia3^ia3975|l0.4351 


ia7386, 10.7769 10.8152 
11.124211.1631,11.2021 

113l66|l  1356211.5959 
13354!ll3755ill.9157|11.9560 11.9964 


2.240ojl2.2808 123217 


123627il2,4037 
2.6514!l2.6929^12.7344ll2.776ljl2.817a 
3.0696*13.1117113.1540 13.1963;13.2387 
3.4946 13.5374il33804 13.6234^13.6665 
3,9^64 13.9699 14.0135  14.057214.1010 
43650 14.4092 14.4535 14.4979.14.5423 
4.8104 143553 14.9002  14.9453114.9904 
5.2626 153081 153538 153995 15.4453 
5.72l6ll5.767^153142ll53606 15.9071 
&1874 16.^343 16.2813 16.3284 16.3756 
6.6600 16.7076 16.7553  l&a031 1&8509 
7.1394 17.1877  17^360 17.2845 173S3q 
7.6256 17.6745 17.7286 17.7727 17.8219I 


(««cT.i.)-'  ATABtE  617 


Otams. 

in 
Inches. 


18i 

ng 

185 

m 

187 
ISS 
189 
190 

m 
m 

197 
198 
199 

200 

201 

202 

203  j 

204 

205 

206 

207 

208  V 

209 
210 
211 
212 
213 
214 
215 


«*i 


.5 


.6 


.7 


91.7474 
'92.7612 
93.7806 
94.8055 
95.88^ 
9&87S0 
97.9136 
98.9608 
00.0136 

01.0719 
03.1356 
03.2053 
04.2604 
05.3610 
06.4472 

07.5389 
08.6363 

09.7392 
10.8476 

11.9617 
13.0813 
14.2065 
15-3372 
16.4735 
17.615^ 

I8.7629 
199159 
21.0745 
22.2387 
23.4084 

24.5837 
25.7646 
26.9511 
28.1431 

29.3407 


91.9496: 91.9m 


92.86891 
93.8898 

94u9082 

95.9398 

96.97*9 
98.0181 

99-0658 
00.1192 
01.1781 
02.2415 
03.3126 
04.3882 
05.4693 
Oa556l 
07.6484 
08.7463 
09.8493 
104M«8 
12.0734 
13.1985 
14.3193 
15.4506 
16.5875 

17.7299 

18.8779 
20.0315 

21.1907 
22.3554 
23.5257 
24.7016 
25.8830 
27.0700 
28.2626 
29.46O8 


5778  105 


92.9646 
9S.9S51 
95.0111 
96.0427 

97.0799 
93.1226 

99.1709 
00.2248 
01.2843 
02.84^ 

03.4199 
04.4960 
05. 
06.6651 

07.7579 
08.8564 
09.9604 
11.0700 
12.1851 

13.3059 
14.4322 
15.5640 
16.7015 
17.8445 
18.9930 
20.1472 
21.3069 
22.4722 
23.6430 
24.8195 
26.0015 
27.1 890 
28.3822 
I29.58O9 


i^MMw^n 


.8 

^.0510 
93.0664 
94.0874 
95.1140 
96.1462 

97.1839 
98.2272 
99.2761 
100.3305 
101.3905 
102.4561 
103.5272 
104.6040 
.6863 
106.7741 
107.8675 
108.9665 
110.0711 
111.1813 
112.2970 
113.4182 
114.545] 
115.6775 
116.8155 
117.9591 
II9.IO82 
I2O.2629 
121.4232 
122.5890 
123.7604 
124.9374 
126.1200 
127.3081 
128.5018 
129.7011 

y7 


.9 


92.1523 
93.1683 
94.1898 
95.2170 

96.2497 
97.2880 
98.3318 
99.3813 
00.4363 
01.4968 
02.5630 
03.6347 

04.7119 
05.7948 
06.8832 
07.9772 
09.0767 
10.1819 
11.2926 
12.4088 

13.5307 
14.6581 

15.7911 
I6.9296 

18.0737 
19.2234 

20,3787 
21.5395 
22.7059 

23.8779 
25.0554 
26.2385 
27.4272 
28.6215 
29.8213 


3X»  A  TABLE  (P4HT  v«.) 

(^ OgArem qf  Cirtits  js  Wiae. GaUont. 


Diams. 

in 
Inehes. 

1 

3 
4 
5 
6 
7 
8 

9 
10 

11  . 

12 

13 

14 

15 

16 

17 

\ia 

19 

go- 
al 

26 

27 
28 
3a 
30 
^1 
32 

.  sa 

54 
95 
36 


.0 


0^0034 

a<^i96 

0.0544 
0.0850 
0.1224 
e.l666 
a2X76 
0.2754 
0.3400 
0.4114 
0.4696 
0^5746  f 
0.6664 
0.7^50 
6.8704 
0.982jS 
1.1016 
l.J^74i 
1.8600 
1-4994 
1.6456 
1.7986' 
1.9^4 
2.1250. 
2.2984 
,2.4786 
2^6656. 
2.8594 
8.0600 
3.2674 
8.4816 
8.7026 
8.9804 

Mem 

4.4064 


.1 


0.0041 

aoi49i 

Q.0571 
ej6fi84 
ai265 
0.1718 

0.223.0 
0.^815 
03468 
0i4189 

0.4977 
0.58;34 
045759 

0.7752 
0.8818 
0.9941 
1.1188 
1.24Q8 
1.37S6 
1.5187 
1JS605 
1^142 
1^47 
2.1420 
2.3161 

2.4969 
2.6846 

2,8791 

8;O804l 

8.2885 

8.5084 

3.7250 

8.9535 

4.X888 

4.4309 


.2 


0.0049 
040164 
0.0IS48 
0.04i^ 

ojdgag 

oa806. 

0.1762 
ocesag 

0.2877 

aa587 
a4»S4 
0.5060 

0.5924 

0M5& 
a7855. 

a8902 
i^m^a 

14262 

1.88^ 

1.528Q. 

1^6766 

l«88aQ 

I.9&II 

2.1v£^JL| 

2.^8^ 

2.51541 

2.7Q8S 

2.89891 

3MJ09 

1^.8096 

3.525^ 

8.7476 

3.9767 

4.2127 

4.45541 


.3 


.4 


0.0057 
0.Q17S 
0.0*70 ; 
0.0628 
O.QStf5 

0.1849 
0.1811 
0.2842 
0.3940 

O.S607 
0.J4841 
0.51(48 
0.^14 
0^52 

0.79W 
O.9O8S 
1,0175 

14386: 
1^664 

14011 

1^425 

K6907 

1«8458 

2iWr6 

24768 

2-$517 

2.5389' 

2i7230 

2^1i88 

34215 

8.8309 

8.5471 

8.7702 

4.0000 

4.2867 

4.4801 


.aoQ6ig 
aoi^ 

O1O899 
0^065& 

0.099a 
04892 
O.I86I 

0.2899 
O.8O04 

0.8677 
0.4418 
0.5227 

a6iia5 

0*7050 
0.8068 
0.9144 
1.0298 
1  1511 

1.41149 
1.5570 

1-7059 

1^17 

2.0242 

24935 

2^96 

2.5^525^ 

2.742iS 

2.9388 

3.1421 

8.8522 

8.5691 
3.7929 
4^0284 

4.2607 
4.5048 


(rtei,  u.)  A  TABLE  519 

qf4ie  Areas  tfCirdes  in  Wm6  QtOtrnt. 


Diams. 
Inches. 


i 

S 

4 
5 
6 

7 
8 

9 
10 

II 
1« 
IS 
14 
15 
16 

17 
16 

19 

do 

SI 

ee 

24 
S5 
26 

27 
^6 

80 
SI 

$d 

S4 
55 
I    $6 


.5 


a0076 

aoei2 
ao4i6 

0.0668 
aiQ28 
0.1486 

ai9i^ 

0.S456 
a6068 
a874S 

d4»96 

0.58ie 
0.6196 
0.7148 

a»68 

0.9256 
1*0412 
M636I 


I. 

1.4266 
1.5716 
1.7212 

1^77^ 

2.0406 

2.2106 

2.6676 

2-5712 

2.761 6j 

2j»56~ 

6.1^ 

6*67 

6.691 

^6.6156 

Ii0468 

4.2846 

4.52 


0.0067 

00289 
0.0440 

a07l9 

aio66 

0.1461 

0.1966 

0.2514 
0.6166 
0.6620 
0.457^ 
a5S97 
a6266 
a7247 
a6274 
0.9666 
1.0561 
1.1762 
I.SO6I 
1.4426 
1.5666 
1.7665 
1.6966 
2.0675 
2.2262 
2.4057 

2.5699 
2.7610 

2^769 
6.1666 
6^51 
6.6166 
6<6664 
4O7O6 
4.609O 
4.5545 


.7 


0.0096 

0.02471 

0.0465, 

00751 

0.11041 

0.1526 

O.2OI5I 

0.2576, 

o.^i9« 
0.6692; 

a46^ 

05466 
Oj66^i: 

0.76*r 

a6S60 

0.946(fc 

1.0651 

L1689 

I.6I95 

1.4566 

:1.6D10 

1-7519 

1-9097 

.2-0746 

2.2456 

.2*4266 

2.6067 
2.8005 

2.9991 
6.2044 

6«4166 


OJOllO 


.9 


•*»* 


0.0122 


0.0266  0.0265 
0.0490  0.0517 
04)766  D.O6I6 
0.1146  0.1183 
0.1572  0.161 8 
0^2066  0.2121 
0.2662  0.2696 
0.^265  0.6662 
0.6965  0.4069 
0^764  0.4814 
0.5570  0.5657 
0.6474  0.6569 
0.7447  0.7548 
0.6467  0.8595 
0l95B€  0.9710 
1.077^  1.0693 
1.2145 
1.6464 
'1J^51 
1.6606 


1.201 
1.662 
1.47  . 
1.6l'56 
1.7674 


1.9256  <  1.9421 


4J0959 
4.6662 

4.5794 


2.0911 
2.2661 
2.4420 
2.6276 
a8200 
6.0196 
6.2256 
6.468i^ 

6:6679 
.6.6642 

4.1175 

4.6575 

4.6044 


'1.7829 


2.1060 

2.2807 
2.4602 
2.6465 

2.889^ 
6.O696 
6.2463 
6.4598 
6.6801 
6.9073 
4.1412 

4.3619 
4jte94 


M2  A  TABLE  (paet  to.) 

Qf  ike  Jmu  qf  Cirdet  im  Wme  GtOmt. 


m 


73 
74 
75 
76 

77 
78 

79 
80 
81 
8^ 
83 
84 
85 
86 

87 
88 

89 
90 

91 
92 
93 
94 
95 
96 
97 
98 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 


.0 


18^184 


.1 


18.6687 


18.1 186 18.1682  I84I8O  18.SS78 


I8.719I  1&7^  18.8202 

191250 19-1760 19J»71 1»4^83 193295 
19.6384 194901 19-7418 1»^7937  19-8456 
20.1586  2<X2109  2a2684»a3159  20.8685 
20^56  2a7386  2a7918  204450  208983 
21.219421.2731 21^326921.3808  21.4348 
21.7600  21.8144  21.8689  21.9285  214^781 
22.3074  22*3625  22.4176  22.4729  22.5282 
22.8616  22.9173  22.9732  23i)291  23X)851 
23.4226  23.4790  23.5356  23.5922  23.6489 
23.9904  24XH75  24.1047  24.1620  24.2194 
24^5650  24.6228  24w6807  24.7887  24.7967 
25.1464  25.2049  25.2634  25.3221  25.3808 
25.7346  25.7937  25.8530  25.9123  2&9717 
26.3296  26.3894  2&4494  26l5094  2&5695 
26.9314  2&9919  27.0525  27.1132  27-1740 
27.5400  27.6012  27.6625  27.72^  27.7853 
28.1 554  28.2173  28.2792  28.3413  28.4034 
28.7776  28.8401 28*9028  28.9655  29.0283 
29.4066  29-4698  29.5332  29.5962  29.6601 
30.0424  3ai063  301703  30.2344  30.2986 
30.6850  30.7496  30.8143  30.8791  309439 
3 1.8344  31 . $997  31.4650  31.5305  31.5960 
31.990632.0565  32.12S6  32.1887  32^549 
32.653632.7202  32.7870  32.8538132.9207 
33.3234  33.0907  33.4581  33.5256  33.5932 
34.000034.0680  34.1361  34.2043  34.2725 
34.683434.7521  34.8208  34.889734.9586 
35,3736  35.4429  35.5124  35.5819  35.6515 
3&O706  36.1406  36.2108  36.2810  36.3513 
3&7744^3&8451 36.91 59I36.9868  37.0578 
37.4850  37.5564  37.627937-6995  37.7711 
38.2024138.2745  38.3466J38.41 89  38.4912 


.4 


18.3177 


38.926638.9993 


39.O72a39.i45i  39^181 


396567  39>7310  39-8046|39>8782 


39.9519 


(sscT.  II.)  A  TABLE  S2S 

QfikeArea^  qfCirdea  in  Wme  GdOcm. 


Diams. 

in 
Inches. 


73 

74 

75 
76 

77 
78 

79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

S9 
100 
101 
102 
103 
104 
105 
106 
107 
108 


^F"2? 


IBMfS  1&4176 
I&87081&9dl5 
ld-3a08 19^43^ 


19.8976 19-9497  m0018  20.0540  20 
2a4»12  2a4739  20,5«67  2a5796|20 
20.95l6|21.0050|21.0585  21 


24.8548 


.6 


18.4677]  18.51781 
18.9723 19.0231 
19.4836  19.5351 


21^8821.542921.5971 


22.0328|22*0876|  224424122 
22. 

23.1412123 

23.7056  23*7624|23.8 193|23.876^23c 
24.2768  24.3343  24.3919  24.4495  24.5072 


t.6891 
M972 


24.971225.0295 


24.91^0 
25.439625.4985 

26.0312  26.0907  26.1 503126.2 100|2a 
26.629626.689826 
27.234827.2957 


27.8468 

28.4656128. 

29.0912 


.7501 
27.3567 


26. 

27.4177127.4788 
27.W)84|27.9700l28.0317  28.0935 

28.6526  2&7I  50 
29^802  29.3433 


5279128.5902 
29.2171 


29.1541 
29.7236  29*7872 
30.3628  80.4271 
31.0088  81.0738 
31.6616,31.7273 
^3212432.3375 
32.9876  33.0546 
3SM08  33,7285 
341340834^4092 

35.027635.0967 

35.7212^5.7909135 

36.4216,36.4920 


37.1288 
37.8428 
38,5636 
39,2912 
40.0256 


37.1999 
37.9i4e 
38.636] 
393643 
40.0994 


.1120 

111.6513 

.1973 

6946122.7502 

23.3098 


22. 
23.2535 


25.5574  25.6l64l25.6754 

«697 
810426.8709 


30.4915 

31.1388|31 

31.793031 


.8 


29.8509  29.9146  29^9785 


30.5559 


.9 


18.5681 
19^)740 

19.5867 
.1062 
.6325 

21-1657 
21.7056 
22.2523 
22.8058 
23.3661 
L9333 


25.0879 


30.6204 


.203931.2^1 
^858831.9246 


32.4539  32.5204  32.5869 

1217133.188833.2561 

33.9320 

34w6l47 


33» 

33.7963|33.8641 
34.477634.5461 
35.1658  35.2350i35.3042 
.8607  35.9306  36.0005 
%6.5625 

i7.271137.3423|37.41S6 
37.9864  38.0583  88.1303 
38.7086  38.7812  38.8538 
39.4375  395IO8  39.i5841 
40.1733  40.2472  40.3213 


■".■W." 


mrtmrnm 


«SW  A  TABLE  (part  vu.) 

Of  the  Areoi  of  Circks  in  Wine  iGaUons.  ' 


UUms. 

in 
Inches. 


145 
146 

147 
146 

149 

151 
152 
158 
154 
155 
156 
157 
158 
159 
160 
161 
162 

im 

164 
165 
16^ 

167 
166 
169 
170 
171 
172 
17s 
174 

■175 
176 

177 
178 

179 
180  i 


.0 


7  J. 4850 

72.4744 
78.4706 
74v47S6 
75.4884 
76.5000 
77.5284 


.1- 


71.5886  71.6828 


72.5737 
73.5705 
74.5742 

75.5847 
76.6020 


77.6261 

1%J55SG\  78.656sri.  78.7604 

79.5906  79.6946  79.7938 

80.6844]  80^7891  80.8489 

81.7904  81.8959 


81.6850 
82.7424|  82.8485 

84.8776;  84.9850 
85.9554  ^6.06^5 
87.0400  87.1488 
88.1814  8.3.^409 


89.2296 
^.8846 
Pi  .4464 
^.5650 


89.8897 
90.4454 

91.5579 
.9^.6772; 


98.6904  93.8088 


^4.8226 
95.9616 
97.1074 
98.2600 
99.4194 


.9*^61 
96.0758 
97.2223 
9S.3756 
99.5857 


.100.5856^100.7025 
101.7586 101.8762 
102.9384 108.0567 
104.1250'104.2440 
105.81 84  lt)5.4881 

106.5186106.6889 
107-7256107.8466 
^08.9394109.0611 


^ 


72.6730 
78.6706 
74.6750 
75.6861 

76,7041 
77-7288 


.8 


82.9546 

84.02021 

.  85.0926 

86.1717 

87^2571 

88.8504 
89*4500 

90.5564 

91.6695 

92.789?5| 

98^9162 

95.0498 

96.1902 

97.337s 

98.491a 

IOa.8196 
101.9940 
108.1751 
I04«8631 
105.5578 
I0ft7594 
107.9678 
10ftl829t 


UO.I6QO  110.28244 1  ia4049 


!.*•.*• 


71.7811 
72.7725 

78.7707 
74.7758 
75.7876 
76.8063 
77.8317 
78.8689 
79.9030 
80.9488 
82.0015 
83.0609 
84.1271 
85.2002 
86,28|0O 

87.3667 
88.4601 

89.5603 
9O.6674I 
91.7812 

94.0298 
95.1685 
96.3046 
97.4524 

98.6071 
99.7686 

100.9867 
102.1118 
103v2936 
104.4823 
105.6777 

10ft8799 
108.0890 
109^8048 
110,5275) 


.4 


71.8799 
72.8720 

73.87091 

74.8767 

75.8892 

76.9O85 

77.9346 

78.9675 

80.00731 

81.0538 

«2.1071 

88.1672 

84.2841 

85.3079 
86.3884 

87.4757 
86.56198 

.89.6707 
90.7785 
91.8980, 
9a0143 
94bl4g4 
95.2773! 
96.41&JI 
97.5S16, 

98.72S9 
99.8850 

101.0539 
102.22197; 
108.4122 
104.6015 
105.7976 
107.0005 
108.2108 
109*4268 
Ua65Dl 


^BCT.ii.)  A  TABLE  «W 

Q^  &^  Areas  of  Ciroks  in  Winei  GaUons. 


1^ 

147 

1^9  \ 

140 
150 

151 
J52 
153 
154 
155 
156 
157 
158 

159 
160 
161 
162 
l63 
164 
165 
166 

167 
168 

.169. 
17D 
171 
172 
173 
174 
i75 
176 
177 
178 

179 
180 


71.9786 
72.971^ 
73.9718 


72.0778 
73.0713 
74.0715 


72.17681  72:2759    72.8751 


74.97761  75.0786 
7&O925 


75.99O8 
77.0108 
78.0376 
79.0712 
80.1 116 
81.1588   ai.2639|  81.3691 


77.U32   77.2156 

78.1407  .78.2438 

79.17*9   79.2787 
aa2l60   80.3205 


82.21281 .82.3186 
83.2736   83.3801 


84.3412 
85.4156 
86.4968 
87.5848 
88.6796 
89.7812 
90.8d96 
92.0048 
93.1268 
94.2556 
95.3912 


84.4483 
85.52341 
86.6053 
87.69*0 


73.1710 
74.1719 
75^1797 
7&I9*3 


73,2708    73.3706 


82.4244 
83.4866 
84.5555 
85.6313 
86^7139 
87.8032 


88  7895J  88.8994 


74.2724 
75.2808 
76.2961 
77.3181 

78.34701 
79.3826 
80.4250 
81.4743 
82.5303 
83.59321 
84.6628 


103.5308 
1047208 


109.5488 
110.7728 


89.8917 
91.0008 
92.1167 
9S.2394 

94.3689 
95.5051 


96.533G^  96.6482 

97.6828 
98.8388 

loaooie 

101.1715J|101.2885 
162.3476 102.4656 


103.6495 
104.8402 


90.0023 

91.1121 

92.2287 

93.3520 

94.4822 

Q5.6191 

96.7629I 

97.9135 

99.07081 


86.8225 
87.9125 
89.0094 
90.1130 


743729 
75.3821 

76.39SO 

77w4807 
78.4502 
79-4865 
80.5297 
81 .5796 
82.6363 
83.^98 
847701 


85.7392  85.8473 


86.9312 
88J^19 
89.1194 
90.2237 


91.2234  91.3349 
92.34071  92.4528 


93.4647  93.5775 

94-5956  947090 

95.7332  95.8473 

96.8776  96.9025 

97.7981  97.9135  98.0289  98-1444 

96^.9548  99.0708.  99-1869  99-3031 

100.11831100.2350 100.3518  100.4686 

101.4059 101.5234  101.6409 


105^176|l06.0377 

107.1212 

108.3316 


107.2419 
108.4530 

IO9.6709I  109.7931 


110.8956[U  1.0184 


102.5887ll02.7018 102.^01 
103.7683  103.8871 104.0060 
104.9596 105.0791 105.1987 
106.1578  106.2780106.3982 
107.3627  107.4836 107.6045 
108.5745  108.6960108.8177 
109.915s  110.0376 
111.1413111.2643 


S88  A  TABLE  (paet  vit) 

0/ the  Areas^  of  Circles  in  Wine  GaOans. 


181 
182 
183 
184 
185 
186 

187 
188 

189 
190 

191 
192 
193 
19^ 
195 
196 
197 
198 

199 
200 

201 

202 

203 

204 

205 

206 

207 
208 

209 
210 
211 
212 
213 
214 
215 
216 


.0 


12.621^ 


.1 


1 12.7453 


13.862dll3.9870 


16.365a  116.4908 
17.62641117.7529 


.2 


.4 


11.3874  111.5105  111.6336111.75^111.8802 


112.8692112.9931  113.1171 
1 14.1 1 16^114.236^  1 14.3609 


116.6167 
117.879* 


15.110«115J2355|115.3607{115.4860 115.6114 


18.8946^119.0217.119.1490: 


20.l69al20.2974:120.4254il20.5534 120.6815 


21.4514|121.5799121.7085 
22.7400^122.8^'122.9985 


24.0354U  124. 1653!  124.2952tl24.4253 
25.3370l25.4681  125.5988 125.7295 
26.646ei26.7778ii26.9a92 


27.96241128.0943,128.2263  12&3584 
29.2850|  1 29^41 76, 1 29.5503 1 29.68^1 
30.6144 130.7477.180.8810 131.0145 
3 1.9506 1 32.08451132.2186 1 32.3527 
33,2936 133.4282  133.5630 133.6978J 


34.6434,134.7787(134.9141 


116.7427 
118.0061 
119.2763 


121.8372 


116.8687 
118.1328 

119.4037 


121.9660 


123.12791123.2573 
124.5554 
125.8603 


127.0406 127.1 7«1 


128.4906 

I29.8I59 
131.1480 

132.4869 
133.8327 


3^0000 1 36. 1 360 136.272 1 


37.3634:137.5001 
38.7336il38.8709 


40.1106 


41.4944141.6331 
42.8850  143.0244 
44^2824 144.4225 
45.6866*145.8273 


54.2546 
55,7064 
57.1650 
58.6304 


137.6368 
139.0084 


140.2486^140.3868 


141.7719 
143.1639 
144.5626 
145.9682 
147.23901147.3806 


47.0976 
48.51541 148.6575 
49.9400150.0828 
51.3714  151.5149 
52.8O96 152.9537 


154.3994 


1573112 


148.7997 
1 50.2257 
151.6584 
153.0980 
154.5444 


135.0496jl35.1852 


136.4083 
137.7737 


136.5445 
137.9106 


139.1459139.2835 
140.5250(140.6633 
141.9108:142.0498 
143.3035 143.4431 
144.7029 144.8432 
146.1091  146.2501 
147.5222  147.6639 
148.9420 14^0844 


155.8519155.9975 


157.4575 


150.3687 
151.8021 
153.2423 
154.6894 
156.1432 
1 57.6039 


150.5117 
151.9458 

153.3867 
154.8345 
156.2890 
157.7503 


(8BCT.  n.)  A  TABLE  599 

V  ^  Areas  of  Cvrdn  in  Wine  GaUom. 
ilBSSoZ 


lacfaet. 


181 
182 
183 
184 
185 
186 
187 
188 

189 
190 

191 
19S 
193 
194 
195 
196 
197 
19S 

199 
20O 
201 
202 
20S 
204 
205 
206 
207 
208 

209 
210 
211 
^W 
213 
214 
215 


.5 


12.0036112.1271 
13.2412 1 13.3653  113.4895 
14.4856 114.6104 1 14.7353 


15.7368 115.8623 115.9879 116.1135 
16.9948  I17.1210|ll7.2472  117.3735 
18.2596118.3865118.5134118.6404 
19^5312  119.6587,119.7863 119.9140 
20.8096 120.9378|121.0661 121.1944 
22.0948  122.2237:122.3527 122.4817 
23.3868 123.5l64|l23.6460 123.7757 


24.6856  124.8159 124.9462 


25.991^126.1221 
27.3036 127.4352 
28.6228  128.7551 


29.9488 


.6 


.7 


112.2506 


13a0818 


126.2531 


31.2816 131.4153 
32.6212132.7555 
33.9676 134.1026 
35.^08 135.4565 
36.6808  i36.8i72llS6.9536 
38.0476|lS8.l847  138.3218 
139.5539139.6967 


39.4212 

40.8016 140.9400 
42.1888  142.3279 


141.0785 

142.4671 
I43.7226ll43.8624 


43.5828 

44.98361145.1241 
46.3912  146.5323 
47.8056147.9474 
49.2268 149.3693 
50.6548 


52.0896 152.2^35 

53.5312153^6757 
54.9796155.1248 

56.4348  156.5807 
57.8968I  1 58.0434|  1 58. 1 900 


128.8875 
130.2148 
131.5490 
132.889S 
134.2377 
135,5923 


.8 


112.3742 
113.6138 


114.8602  114.9853 


125.0766 125.2070 


126.3842 


127.5669 127.6986 127.8305 


145.2646 
146.6735 
148.0893 
149.5119 


150.7980150.9412 


152.3774 
153.8203 
155.2701 
156.7267 


129.0199 
130.3479 
131.6828 
133.0244 
134.3728 
135.7281 
1 87.0901 
138.4590 
1398346 
141.2170 
142.6063 
144.0023 
145.4052 
146.8148 
148.2312 
149.6545 
151.0845 
152.5214 
1534^50 
155.4154 
156.8727 


.9 


112.4978 
113.7381 


116.2392 

117.4999 
II8.7674 

120.0417 
121.3229 
122.6108 
123.9055 


126.5153 


129.1524 
130.481] 
131.8166 

133.1589 
134.5081 
135.8640 

137.2267 
138.5962 
139.9725 

141.8557 
142.7456 
144.1423 
145.5458 
146.9561 
148.3733 
149.7972 
151.2279 
152.6654 

154,1097 
155.5609 
157.0188 


158.3367158.4835 
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530  A  TABLE  (tiMT  vu.) 

For  Reducing  Ale  OaOiMf  into  FietuaBert'  Barreliqf 
.34Gafl(»M. 


— 

i 

' 

I 

0 

1 

0 

J 

1 

4 

i 

_ 

f 

0 

H5 

~ 

25.5 

36 

1824. 

123&5 

mi 

1849-5 

1 

34 

43.S 

51 

59.  S 

37 

1259 

1266.5 

1275 

1883.5 

2 

6** 

85 

93.5 

39 

1292 

1300.5 

13091  iait.5 

119 

127.5 

39 

1326 

13SI.fi 

1343il3S1.5 

3 

13t 

144.2 

153 

161.5 

1360 

1368.5 

1377 

1365^ 

181 

195.5 

41 

1391 

1402J 

1411 

U19.5 

t 

2W 

auis 

2«1 

229.5 

4S 

1428 

1436.5 

14W 

1453.5 

246.5 

255 

263.5 

43 

1462 

1470.5 

1479 

1487J 

aTS 

3fl0.5 

WB 

297.5 

4* 

i4»a 

I50V5 

1613 

14*1.5 

! 

306 

314.5 

Z23 

331.5 

ts 

1531 

1538.5 

15t7ll54S-S 

10| 

34/ 

34a5 

3i7 

363.5 

46 

1564. 

1572.5 

1581 

1589.51 

11 

374 

382.5 

391 

39d.5 

41 

1598 

1606.5 

16151633.51 

MB 

483.5 

4« 

1632 

1640.5 

1049'l657.5 

459 

467.5 

41 

16a< 

1674.5 

168311691.6  1 

484.'5 

493 

501.5 

1708.5 

1717 

1725.5 

15 

51( 

5IR.5 

52T 

535.5 

51 

nn 

1742.5 

1751 

175S.fi 

561 

569.5 

52 

1769 

1776.5 

1785 

1793.5 

I'l 

5Jt 

5865 

595 

603.5 

1802 

1810.5 

IS19 

1827.5 

629 

637.5 

1836 

1844.5 

1853 

1861.5 

663 

67 1.5 

1970 

1878.fi 

1887 

1895^ 

C!B8.5 

697 

705.5 

1904 

iai2j 

19»I192».5| 

Tg2.5 

T31 

739  5 

57 

1938 

1946.fi 

1955 

1963.5 

2! 

74*« 

756.5 

785 

T73.S 

1972 

1980^5 

1989 

1997-S 

799 

B07.5 

2006 

2014.5 

2083 

8031.5 

ti 

SIfi 

824.5 

833 

841.5 

2040 

204&S 

2057 

8065.A 

BS8.3 

867 

8T5.5 

2074 

20B2.5 

20B1 

^099J 

892.5 

901 

909.5 

62 

1109 

S116.fi 

81M 

18133^ 

926.5 

935 

943.5 

S3 

2142 

2150.5 

2159 

2167.5 

969 

977.5 

6i 

217G 

2184.5 

2193 

2801.5 

994!fi 

1011.5 

MIO 

2218.S 

jsei 

8235.5 

% 

102' 

1029.5 

i037 

I045.S 

2244 

sasi 

22S9.5 

31 

1054 

1062.5 

lOTl 

1079.5 

22S6.5 

2295 

2303.5 

3Z 

]06( 

1096.5 

llOS 

1113.5 

2312 

233T.5 

1I30.S 

1139 

1147.5 

2346 

2371.5 

3^ 

n5< 

1164.5 

ht: 

1181.5 

2380 

lii 

uw 

ll(W.5 

1215  5 

2414 

2492.5  2431 

2439,5 

(sect,  m)  flBl; 

The  Ui€ -^  tke  Jbr^omg  TMe. 

The  proeeas  of  reduoing  ale  gadlons  into  barrelB  and 
firkSg,"by  ihe-iiiiimMling'  Table,  is  extremely  easy ;  Ibr 
IBxaipiplfil^  9ttppo6e  it  be  required  to  reduce  826  gallont  into 
tumreb  a|id  rnidns;  then  opposite  to  24  barrels  in  the  first 
cohcnaasi,  we  find  824.5  gallons  in  the  third  column ;  this 
beinfl;  the  nearest  to  the  given  number*  Hence  the  given 
number  of  gallons  is  equal  to  24  barrels  and  X  firkin ; 
and  by  subtraction  we  have  888  —  824.^  s  2^.5  odd  gaU 
lona  to  be  transferred  to  the  next  chaige. 

JkgAn,  wxapme  it  were  required  to  reduce  23S6.5  cal* 
loKis  to  bamls  and  firkins;  we  find  2329  opposite  to  oS^ 
barreb ;  hence  68  barrds  and  2  firkins  must  be  charged 
^th  the  duty ;  and  238&5  —  99»9  »  7-5  odd  gallons, 
M^bich  must  be  carried  to  the  next  charge. 

iVp^e.  Theftwtkmist  the  top  af  the  columni  of  the  preceding 
Table,  ctenote  aneiguaiteri  eiie>half»  and  three-fourths  of  a  bsrrel. 


FlNISt 


&RRATA* 
Fage.    Line, 
5,        14,  >•  4S7  X  1 »  040.7,  read  4.27  X  10  s  4f  .7. 
7,        15,  fir  29{,  read  27i. 
27,         12,  fir  iB,  lOd.  read  IL  lOa. 
0169,        21,  >•  277781.2  X  ^00464  ^  126.112,    read   187690  x 

.000454:. 8M11 1  alfloi  187690-^  2200.1 6s8d.307, 
-the  content  in  cubic  feeL 
199,  The  figuie  on  th&  page  eboidd  have  appeared  on  page 

212 1  and  viae  nerM. 
256,        68  Ques.ybr  70,  read  90. 
259,  S,  fir  513.863,  read  856.471. 

259,        18,  fir  615L401,  read  675w560. 
383,        16,  fir  107.070,  read  101.070. 


ass 


€xtistt  C^staftlitfftntntt 


CommMoHeri,    IIU)bert    KichoUs* 

eiq.  Lord  Geo.  Seymour*  CMK 

ftfli^-Jfiarl  of  CerhttaptomiiMi. 
•  AiuLplilpp%  Alffi.fJMnpbelU  ewj. 

W.Matl^r,e8q^  F.H«  Doyle,  etq 
.  sir  John  CMortlockflmU  and  the 

hoD.  C.  R.  Trefusis. 
Sucretary^  Thomas  Burton,  esq* 
Ckrki^  John  Storer,  Chtt.  Bvoim, 

F.  C.  Wingtave,  Thoaws  JSley^ 

Richard  Murphy » Thomas  Xjkug- 

ford,  Thomas  S.  Chapman,  Wm. 

MuRiQr,  Charies  Slater,  CtSaAtu 

Clarkson,  and  Jossph  Wlngra^e, 

jun. 
CorretpoitdeiU,  Wm.  Waidley. 
Aitktantif  Frands  Thompson,  Jer. 

Ottey,  Wm.  Trent,  Jn.  B<^rer8, 

Thomas  Wair. 
CferJfer,  James  Wilson,  T.  While, 

John  Tbos.  Goodwin,  Chas.Haii- 

cock,  and  Heniy  PeuU. 
SiMtor,  Thomas  W.  Gair,  esq. 
SoHeUorfir  Crimkial  FtoteoMotu, 

^c  Philip  W.  Mayo,  esq. 
RegUirer,  Ed.  Jackson,  Esq. 
lit  Clerks  Gabriel  Biddle. 

General  Aocomfianti, 
General  ButimeMif  John  HodgMm. 
Beer^  ^»  David  Langton. 
MaU,  4[c.  William  Lerimer. 
Foreign  SptrUe,  Tea,  fc,  Joshua 

Sftvage. 
AneUonif  jie.  Joseph  Wingrare. 
Zkbeniuret,  jv.  William  Leese. 
Paper,  &;c.  Charles  LyaU. 
Lkencett  George  Havdty. 
BiMt  ef  Exchange^  Jamei  Ewbank* 
Aeoamptants  to  Londom  Bremery^ 

Wm.  NichoUs  and  Wm.  Dodd» 
Receiver  Gen,  6.  J.  Chotanoaddfey, 


Isl  Ocrik,  Bobsrt  StoOMR 
Complrtrfbr  Gaa.EdiftMBwJl>'wl. 


AmMtor^  Q9aJLt^pm3oa99^ieja\, 

Auiikmi^  Oliver  Nfl^rior. 

Clerk  <fthe  SedufiHee.  HotfrOtt- 

niog,  esq. 
AUietmd^  WiSani  Bemimadt 
Clerk  ofiMidmht  Bki»jAUom» 
AtHelant^  Richard  GilberU 
Clerk  of  AeDlarkt,Cbaa.Mnxadii. 
Clerk  (fthe  EnMee,  Robert  BMh. 
ImpeclorGeneralffPtt  mUtPtMliing 

Pi9«r,  FtcdL  dnk. 
Intpedvr  qf  Femm  PrinOng-qfee, 

John  Rndnick  Walppte. 
irartheuee4cee0Bn4if*^aedGeodiet 

tkeCMefCglce^  John  Saundkxs, 
and  James  WssL 

At  <ft«  P^rU  JQhn^CBnfc«d» 
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PREFACE. 


That  Ksys  to  Works  on  Arithmetic^  Mensoratum, 
md  other  books  intended  £»  the  purposes  of  educa- 
ion,  are  of  great  utility^  both  to  teachers  and  {urivate 
tudents,  is  now  universally  adnutted.  They  tend  to 
/ minish  the  labour  that  is  the  inseparable  attendant  <Nri 
le  important,  but  arduous  occupation  of  instructing 
)uth ;  .as  by  referring  to  them,  the  tutor  is  able  to 
scover  the  Mccnnay  or  inaccuracy  of  his  pupils' 
'utions^  without  ibe  trouble  of  investigating  every 
eration.,  ^ 

^any  young  men  of  genius,  are,  by  particular  cir« 
nstances,  prevented  from  obtaining  a  knowledge  of 
ires  In  their  youth.     To  these.  Works  of  this  nature 

of  inestimable  value;  as  they  enable  them  to 
sue  their  private  studies  with  ultimate  success, 
;n,  in  many  cases,  it  would  be  impossible  to  obtain 
issistance  of  a  living  instructor, 
he  first  Five  Parts,  of  the  following  Work  contain 
tions  to  all  the  Questions  that  are  not  answered 
e  corresponding  parts  of  the  Practical  Gauging. 
d  of  these  solutions  are  put  down  at  length ;  but 
reater  part  of  them  are  abridged  by  means  of  the 
ematical  t:haracters.  This  method  of  entering 
ions  is  both  elegant  and  perspicuous ;  and  is  now 
'ally  adopted  by  our  best  mathematicians, 

A8 


vi 


^Part  tbe  Sixth  eoatatna  aumeratu  Nole«Book|». 
HiengJon^Booksy  Table-Books,  &c.  &&  rdating  \q  the 
method  <^  Gauging,  Fixing,  and  Indiqg  the  Utendlfi 
(rf*  Victuallen,  Comm<»  Biewersj  Maltaten,  Dialflkpr, 
Bectifiera,  Wine-Merchants,  Spirit-Merchant%  Cider- 
makers,  Soap-Makers,  -  tStarch-Makers,  aod  Glas^ 
Makers.  It  also  contains  Rules  for  reducing  Sfniitf  of 
any  p^ff&x  ttta^g^,  to  any  reciiii^  strength. 

Part  the  Seyoith  eonlains  laUes  of  the  Duties, 
AHowances,  smd  Dnnrbadcs  pn  all  Exfjsabte  GooMBao- 
dities  in  the  United  Kingdom  of  Gxtat  Btilm  and 
Irdand. 

Part  the  E^;Mi  eoM^rehenda  Precedents  of  Vouch- 
ers and  Abstracts,  lor  assistix^  young  Officers  of  the 
Excise,  in  making  up  thcSr  Aoeounts.  These,  it  is 
hoped,  will  be  found  more  concise  and  perepicuous 
than  any  others  that  have  hitherto  appeared  in  Wcxks 
on  Gauging. 

The  First  Five  Parts  will  be  found  extremely  useful 
to  teachers  and  private  students ;  the  two  following 
Parts  are  adapted  for  the  general  use  of  Officers  of  the 
Excise  and  Customs ;  and  for  all  Manufacturers  of  Ex- 
cisable Commodities ;  and  the  Eighth  Part  is  intended 
to  furnish  youpg  OflScers  with  such  Precedents  of 
Vouchers  and  Abstracts,  as  wiU  enable  them  to  make 
up  tdeir  Accounts  in  a  clear  and  perspicuous  manner. 

It  now  only  remains  for  us  to  beg  the  indulgence  of 
the  Publi<v  ^oT  any  imperfections  that  may  have 
escaped  our  observ^tiQu;  for  it  cannot  ))e  expected  that 
«  Work  containing  Solutions  to  more  than  sue  ktmdred 
new  Questions,  besides  numerous  and  extensive  T(dJes, 


witi  be^fiwiicleniiiely  free  from  erwts.  Every  poMiUe 
sttentiotii^  ho^eyer^  has  been  paid  m  sobfing  the 
qwflUftms^  and  correcting  the  press ;  so  t&at  we  hope 
tto^fte  erroTB  w31  6e  #oiknd  cempaintively  few  and  of 
Httle  moment ;  and  will  be  readily  excused  by  all  those 
itto  are  tfoquainted  widi  fhe  difficulty  of  making  nu* 
ttefoQs  4nd  intricate  scientific  calculations. 

A.   NESBIT. 

W.  LITTLE: 
Manchester,  July,  1833. 
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-Vinegar.        '        ...  ...                ..,                 ,,,  jf 

'Wine*                 ...  ...                  ...                   ,,  II 

"^^«-                   -  ...                 .-               .  ..^  IS 


C9|IT|»fX«. 

^ 

DRAWBACXaFOR  HOSE  CONSUMPTION. 

; 

1 

^^t^ 

Paper. 

•  •  •  • 

%■•               •• 

...      13 

SOtp. 

••» 

••••••                  ••• 

...      1* 

Sttfclu 

••• 

•••                   •  • 

..       U 

Wine. 

-••• 

•••                ••• 

;♦ 

DRAWBACKS  ON  GOODS  ElPORTBD. 


Beer. 

... 

Bricks  and  Tiles. 

Candles. 

••• 

Chocolate. 

.. 

Cjrder  and  Perry, 

Glass. 

... 

Hides. 

••• 

Hopss 

»•• 

Malu 

Paper. 

..* 

Frinted  Goods* 

Soap. 

••• 

Spirits. 

.** 

lS>urcii. 

... 

Stone  Bottles. 

Tea.                   «•• 

Toboooo. 

••• 

Vmegu* 

*•• 

Wine. 

••• 

Wixe. 

••• 

•••  .•• 


tf*. 


... 


•  •. 


... 


*•• 


EXCISE  UCBNCEi. 


Akuetiooecn.  ••• 

Beer.  —  ••• 

Beer  BetaHers.  ••• 

Candlea.  •*•  ** 


... 

15 

... 

15 

... 

15 

... 

U 

.«. 

1^ 

... 

15 

...- 

1^ 

?•• 

17 

... 

17 

*•• 

17 

•.» 

17 

... 

17 

..• 

16 

•••  . 

18 

••# 

IS 

••**. 

IS 

... 

J« 

•  «»  ■ 

18 

i,^  : 

19 

•  M 

IS 

•* 

••►■' 

10 

••• 

.#• 

to 

••• 

••• 

St 

«•• 

.«•  - 

SI 

«•• 

..'. 

SI 

•• 


Glass-Makess.  ••                     ...  21 

Haltttecfc                      ...  ...                       ...  22 

MMd  or  Meth^Uiu  ...                   ^,  22 

Obrifgenated  Muriatic  Add.  ...                      ...  22 


PlHtC*                    .•*  ■**                       ***                    •••  *   23 

Printflis.                       ...•••                       •.«                     •••  23 

Sosp.                   •*•  •**                    ***                *••  w«t 

Spirits*                  ...                   ...               ...                .••  *S 

StATch.                   ...  •*•                   •.>                ...  24 

Sweets.                       .....a                       ...  24 

Tobscco.                        ......                        •«.                    ...  24 

T¥  tne.                ...  ...                  •••                  ■•■  c9 . 

▼fire.                   «•*  •••     ■              ••■                ••■  So 

r 

PRECEDENTS  OV  V0UCBBR8  AND  ABSTRACTS     •  •  W 


TO 

NESBITS  AKD  LITTLE'S 

PRACTICAL    GAUGING. 


PABT  L 

Vulgar  and  Decimal  Fn^idiM^   and  Square  and 

Cube  Roots, 

ADDITION  OF  DECIMALS. 

m 

Exam.  2.  Exam.  3. 


367.60 

4678.3609 
869^63 
.2003 

7.^l»            ^ 
42.67 

53.7 
2943. 
1.2 

2.0073 
1.47 
637. 

5966,9906  ^ff^. 

3638,3773  Ans. 

- 

Exam.  4. 

124.1 

1 

.3492 
84.02 
6.349 

,00879 
71.2     ■   ' 

286.02699  ^ns. 

B 

' 

2 


DECIMAL   FKACTIONS.  (PABT  I.) 


SUBTRACTION  of  DECIMALS. 

Exam.  2.  Exam.  5. 

•79*  ' 


2.18 
.814 

1.366  Ans. 


.0981 
.6959    Ans. 


Exam.  4. 

.0943 
.09281 

.00149  Ans. 


Exam.  5. 

374,901 
68.14 

306.761  Ans. 


MULTIPLICATION  op  DECIMALS. 


Exam.  2. 

.00741 
.00054 

2964 
3705 


.0000040014  Ans. 


Exam*  4. 

.35426 
^5 

177136 
70852 


•00885650  Ans. 


Exam.  S- 

.3141 
20.5 


,    15705 
\     6282. 


6.43905  Ans. 

Exam.  5. 

9268.456 
846.389 

83416104 
74147648 
27805368 
55610736 
37073824 
74147648 

7844719*205384  Am. 


(PAKT  I.)  J>^ClUAL  FEACTIOIJS.  ^ 

DIVISION  OF  DECRIALS.    ; 

Exam.  2.  Exam.  3. 

.325)741.000(2280.  iin*.  5,2)839-0(161.3401  i</w. 

650  52 

"910  '   319 

636  312 

2600  ..7a 

:2600  52_ 

O  180 

156 


.240 
•208' 


.320' 
312 

..80 
52 


28   i^em. 


Exam.  4.  Exam.  5. 

36).074(.00205  Am\     24.05)48324.36(2009.32  Am. 

72  ^  4810 

.200  . ,  22436 

180  21645 

.20  rem;  . .  7910 

==  7215 


.6950 
4810 


.2140  rem. 


Exam.  6. 
256.686)5.65690(.02203  Ans. 
5 13372 

523180 
513372 


. .  980800 
770058 


«10742  rem. 


<nr« 


4  imCIMAZ;   FUACtlQK^  (PAftT  I.) 

REDt/CtlOir  w  DECIMALS. 

To  rednoe  a  vulgar  fraction  to  a  decimal  of  the  same 

value. 

CASE  L 

£zAH.  2.  Exam.  3.  ^xam.  4. 

2)1.0  4)3.00  8)3.600 

.5  -rfw;  .75  -4iw.  .  375  -<<«*- 


£xAM.^5.  Exam.  6. 

25)18.00(.72  Ans.  38)24.000000(. 

175  228 

• .  50  .120 

50  114      ^v 

~  ..6o 

=  38 


220 

190 

*800 
266 

.340 
304 


,36 


Exam.  ?• 
722)35.o6oOOO(.048476  Ans. 

2888 

.6120 
5776 


.3440 
2i88a 


,5520 
5054 

.4760 
4332 

.428 


(part  I.)  DECIMAL   FEACT^ONS. 

Exam.  8. 
144.)4.8.O0O00O(.333333  Ans. 
432 

.480 
432 


.480 
432 


.480 

432 


.480 
432 

•48 


Exam.  9. 
4695)382.000000(.0813631  Ans. 
37560 

. .  6400 
4695 


17050 
14085 

.^9650 ' 
28170 

..14800 
■  14085 


.-7150 
4695 

..2455 


Exam.  10. 

«5367)5869.0t)00000(.687502  Ahs. 
512202 

746980 
682936 

640440 
597569 


'   428710 
426835 


• . 187500 
170734 

.  16766 


DECIMAL   FBACTXONS.  (PAKT  I.} 


Exam.  11. 

„        2x3x5  SO      .  .    , 

3X4X9    ^    108'  *h«  ^^valent  simple 


fracdoi);  ^esn, 


108)30.000(^77  Ans. 

.840 
756 


.840 
756 

,84 


Exam.  12. 

Here    ^^  X  ^^  X   36   _    20592     ^^  .    , 

"^"    18  X  25  X    48    -^    21600'    *^  equivalent 
simple  fraction  ;  then, 

216,00)20592.00(.9533  Ans. 
'      1944 

1152 
1080 

720 
648 

720 

648' 

72 


(pARt  1.)  DICnUAL  t-RACTlONS. 


CASE  II. 

To  reduce  numbers  of  different  denominations^  as 
money,  weights^,  measures^  ^c.  to  their  equivalent 
decimal  values, 

£xAM.  2. 

s.      d. 

10     91 

129 
£•     far.    Jl 


1  =  960)51 9.000O0O(.540625  Ans. 
4800 

3900 
3840 


.,6000 
5760_v 

.2400 
1920 


4800 
4800 


8  DJECIMAL   FRACTIONS.  (PAB.T  I.) 

£XAM.  3. 


9       Si 
12 

111 

4 


£.       far, 

1    =  960)445.0000000(.46354l6  Ans. 

384  0' 

.6100 
5760 


.3400 
2880 

.5200 
4800 


•  4000 
3840 


1600 
960 


.6400 
576O 

640 


£XAM.   4. 
d. 

lOJ 


rem. 


1   =    48)42.000(.875  Ans. 
38  4 

.360 

.240 
^40 


(part   I.)  DECIMAL  FSACTI0K9. 


Exam.  5. 

S.  dm 


19  llf 

12 

£. 

239 
far.      * 

I  = 

:  960)959»0000000;.< 
8640 

.9500 
8640 

•8600 
7680 

■ 

.9200 
8^40 

.5600 
4800 

.8000 
7680 

• 

.S200 
2880 

.3^ 

Exam.  6. 

gal,        pt.    pL 
1    =    8)a.00 


.25  jins. 


Exam.  7. 
tun.         gaL    gal. 
I   =    252)189.00(,75  Ans. 
1764 

.1260 
1260 


• » •  < 


10  DECIMAL  FB ACTIONS.  (PAKT  I.) 

£XAM.   8. 

Jlr,      gal,    gal, 
I    =    9)8.0000(KK.88a888  Ans. 

72 

Tso 

72 
.80 
72 

.80 
72 

780 

72 

.80 

72 

Or,  S'7'9:=z  .888888,  the  answer  required. 

ExAH.  g. 

butt,     gal.        gaL 
1  =  108.)56.0O000O(,518518  Ans. 
54>Q 


200 
108 


9?0 

864 

560 
540 


200 
108 


»920 
864 

.56 


Exam.  10. 

4)3.00 
.75  Ans. 


(part  I.)  DECIMAL  FUACTIONS*  11 

Exam.  II,  Exam.  12. 

lb,      oz,    oz. 
qrs.  hush.  ph.  1   =  l6)12.00(.75  Am. 

4       5       2  11_2 

_8  .  .80 

37  ^ 

last,  pk, i. 


1=.320)150.000000(.46875  Ans. 
128  0 

.2200 
1920 


.2800 
2560 


•2400 
2240 

.1600 
1600 


Exam.  15; 

Uf»    cz. 
22     9 
J6 

141 

qr.        oz.  ^ , 

1  =  448)36l.O00OO0O(.8O58035  il«^. 
358  4         ' 

..2600 
2240 

.3600 
3584 


..1600 
1344 


.2560. 
2240 

.320 


1£  ^fiOXpCAI.  ^EA^TIOK$i»  (fA&TI.) 

Exam.  14, 

qrs.    lb,    oz., 
3      14      8 
£8 

16 


596 


cwf.      oz. 


98 


1  =  1 792)1 576.O000(.8794  ^«^. 
14336 

.14240 
12544 


.16960 
16128 

. . 8320 
7168 

1152 

2r 


Exam.  15. 

ctvU    qrs*   lb* 

15      2      21 


_4 

62 
28 

517 
tow.       /A.  ^?* 


1  =  2240)1 757.0OO00O(.784S75  i<«*. 
15680 

« I89OO 
17920 

. .  9800 
8960 


.8400 
672Q 

16800 
15680 

^IdOO 
11200 


(rJLBT  I.)  DSCIHAL   FRACTIONS.  IS 


CASE  III. 

To  find  the  value  of  a  decimal  fraction  in  the  known 

parte  of  an  integer. 

Exam.  2.  Exam.  5. 

.8649  -92846 

12  20 


10.3788  18.56920 
4                            12 

1.5152  Ans.  lOJrf.  6.88040 

==  4 


3.3^l60Ans.  lSt.6ld. 


Exam.  4. 

.8694 
63 

26082 
52164 

54.7722 
4 

3.0888  Ans.  54  gaU  3  qts- 


Exam.  5. 

.73828 
36 

442968^ 
221484 

26.57808 
4 

2.31232  i^nj.  26  gaU.  2  9/^. 


14  DEtlMAL   rRAfctlOKS.  ^tAtt  I.) 


Exam.  6. 

Exam.  7- 

.5694 

.689£8 

8 

10 

4.5552              6.^S80 
4  8 

2.2208  Ans.  4  6««A.  2  p^^.  6.66240 

==  4 


2*64960   Ans.  6  ^.  6  6.  2i  pA. 
EXAM<  8. 

.9326 

4 

S.')'304 
28 

56482 
14608 

20.4512 
16 

27072 
4512 

7.2192  Am*  S  qr.  20tt.  7  o». 


HULE  OF  THREE  IN  DECIMALS. 

ExAM.  8. 

As  3.25 : 9.75 : :  28.5 :  85.5 = 4  *^  6  Am. 

28.5 

4875 
7800 
1950 

3.25)277.875(85.1fa. 
2600 

1787 
1625 

1625 
1625 


(part  I.)        d:pp^hA^  f.»a<J'?w^-  ^^ 

Exam.  4. 

Here  J  =  .5  cwt;  6,^.  158.  =  6.75£.;  and  3  cwt. 
2  qr.  7  lb.  =  3.5625  cwt ;  then, 

A»  .5 :  e.75 : :  3.56«5  :  4&  i  loj  iin*. 

&75 

TtsIIS 

249375 
213750 

.5)24.046SrS: 

'.48.093T5 
^ 

l.S'thXH) 

li^, 

10.50^00 

4 

2.00000 


Here  3£.  S^.  =^345^.;  wd  5  cwt  3  ^rs.  14lb. 
5.875  cwti, ;  ^n, 

cfvt.  £.        cn>U      £.    «•  d. 

As  1 : 3.25 : :  5.875  ;  19   1  loi  ^«** 

3.25 

293  75 
1175  0 
•   17625 

19.09375 
2q 


1.87500 
12 

10.50000 
4 


2.00000 

C2 


16  DECIMAL  FRACTIONS.  (PAM  I.) 


Exam.  6. 

bar,      s.  bar.         £.     s.    d. 

Ab  S  :  27.5  :;  243.25  :  m     9    gj  Ans. 

27.5 

121625 
170275 
48650 

3)6689.875 
2,0)222,9>791 

£.111,9.791 
12 

9492 
4 


1.968 


Exam.  7- 

bar,     s»  bar* '      £,  s,     d* 

As  3  :  5.5  ::  I8.75  :  1  14    4J  Ans. 

5^ 

9375 
9375 


3)103.125 

34.375 
12 

4.500 
4 

2.000 


Exam.  8. 
bar,     s.  cL  bar.       £•  s,  d. 

As  .75  :  6  loj  ::  i&sa  ;  7  s  iij  4ns. 

12  82.5 

-=  3250 

1300ft      (12) 

.75)l34€.»a(17a7>5 

J£       2,0)14,8  11 

590  £.7  8*.  IIW. 

goo 


562 

525 


370 

Here  J  of  a  1000  =  875;  f  of  a  1000  =  750;  and 
ils.  7|d.  =  115.5d. ;  then, 

br*         d»  br,       s»     d. 

As  750  :  115.5  ::  375  :  n  2f  An^ 

876 

5775 

«085 
9240  (12) 


7«))10106a:5(134.g5 

7«>    11^:2|A 

2606 

2250 

i»568 
•  3600 

5625 
525Q 

3750 
3750 


«... 


18  DECIMAL  FBACTIOKS,  (PAn  I.) 


Here  ^  of  a  1000  =  50;  and  {g  of  a  1000  =  975; 
hen^ 

6r.      d,        hr»        s»    d. 

As  50  ;  S.5  :  975  ::  5    ^  Arts. 

3.5 

4875 
2925    (Ig) 

50)8412.5(68.25 

412  ■      ■- 

400 

125 
100 


250 
250 


ExAH*  11, 

Here  f  of  a  1000  =;  800 ;  and  ^  of  a  1000  =:  25; 
then^ 

br.        d.  br,       s,    d. 

As  25  :  1.75  ::  800  :  4    SAm. 

800  (12) 

25)1400.00(56 

l^         4>.8A 
J50  " 

150 


(fart  I.)  SQUARE  ROOT.  19 

Exam.  12. 
lb,        d>  Ih,  £•     s,    a. 

As  5 :  11.25  ::  42364  :  S97  s  s  Am. 

11.25 


211820 
84728 
42364 
42364 

5)476595.06 

12)95319 
2,0)794,3  3 
&.  397  3  3 


SQUARE  ROOT. 

To  extract  the  Square  Root  of  any  number. 

I* 

Exam.  2.  Exam.  3. 


.    •  • 


1048576(1024  Ans.  983(31.352  Ans. 

1 9 

02)     485  6l)"85 
404  61 


044)     8176  623)2200 

8176  •  1^69 

'     >  62^)33100 

31325 


62702)  177500 
125404 


52096  Kpd. 


to  SOTAftS  liM)t«  (?AftT  I.) 


•    •    •    ♦ 


8104.2694(00.023  if}». 
81 

18002)4^^4 
36004 

]80043)6630(X^ 
g401^g 

J«2S« 


ElKAH,  ^ 


•     •  *     ^ 


744.3260(27.282  Ans, 
4 


47)344 
329 


»  y    ■ 


1084 

5448)44§Sd 
43584 


54562)127600 
109124 


18476  rem. 


wr 


Exam.  6. 


•0PP0178929(.0O423  iliix. 

«8)18SI 
164 


843)2529 
2529 


(paxtl)  square  boot.  £1 

Exam.  1, 

(See  Note  3.  J 

314)202.0(.643312  =  f  {f  nearhf. 
1884 

1360 
1256 


1040 
942 


980 
942 

380 
314 


660 
628 

32  rem. 


.643312(.802  Ans. 
64 

1602)3312 
3204 

108  rem. 


Exam.  8. 

38416)26896.0(.70012494  =  |f  jf  J  nearly. 
268912 


48000 
38416 

95840 
76832 

190080 
153664 

364160 
♦  345744 

184160 
153664 


30496  rem. 


^ 


»W4**  »jw».  {tsn  I.) 


•     •     •    • 


Q4f 


163)601 
489 


1666)11224 
9996 

16727)122894 
117089 


5805  mm^ 


Exam.  9* 

v^^  18  X  23  X  S5  X  42       608580 

Here r; jbj —  ^0402^04* 

20X26  X  43  X  54       1207440  --^"*^^"*' 

md  v^ .50402504  =  .7099>tibe  answer  require. 


SQUARKROOT, 

AFPUSn  TO  TBS 

Solution  of  Math&nfHical  Problems. 

PROBLEM  I, 

To  find  a  mean  proportioru^  ii^ipeen  two  given 

number^;^ 

Exam,  2l 
243 
4» 
1944 

97^ 


ll66A(}ei  Ans. 
1 

208)lM 


(PAftT  i;)  SQtPAA^£  5W0*. 


Exam.  3, 

I  36 

J6 

51. 

576(2'4ft.  the  weigkt  required. 

4 

A4)l*t6 
176 

Hence  it  is  evident  that  the  anns  bf  the  balance  are 
toeach  other^  as  16  to  S4^  or  as  24  to  36^  or  as  3  to  3. 


PROBLEM  IL 

To  find  the  side  of  a  equari^  equal  in  area  to  any 

given  gwp^tiee. 

£xAM«  1.  Exam.  2. 

2026(45/erf,  An$.  ,     324(1 8  /ed,  Ans* 

16  1_ 

85)425  28)224 

425  224 


.   \  ■•« 

EXAH.  3*  * 

144 
4 

576(«4/f«^,i#w». 
4 

44)176 
176 


^4  SaUAEE  EOOT*  (PA&T  I.) 


PROBLEM  III. 

To  find  the  diameter  of  a  circle^  when  the  area  U 

given* 

Exam.  1. 

•  •  • 
.7854)8824.70000(11235.93  quotient. 
.7854 

9707 
7854 

18530 
15708 

28220 
23562 

4S580 
39270 

73100 
70686 


24140 
23562 


«.  578  rem. 


•  .  • 


11235.93(105.999  inches,  Ans. 
I 

205)1235 
1025 


2109)21093 
18981 


21189)211200 
190701 


211989)2049900 
1907901 


•  141999  rem. 


(fart  I.)  SaiTAHE  ftOOT.  S5 


Exam.  2. 

.7854)254.5000(324  quolierU. 
235  62 

18  880 
15708 


N 


31720 
31416 


304  rem. 


324(18  iHckes,  Ans, 
1 


28)224 
224 


PROBLEM   IV. 

"ojind  the  kypothenuae  of  a  right  angled  triangle^ 
when  the  base  and  perpendicular  are  given. 

Exam.  1. 

Here  105  X  105  =  11025,  the  square  of  the  base ;  and 
)  X  56  =  3136«  the  square  of  the  perpendicukr ;  then 

'11025  +  3136=  V^14l6l  =  119  inches,  the  hy- 
^henase. 

Exam.  2. 

Here  112  x  112  =12544,  the  sauare  of  the  length ; 
id  84  X  84  =  7056,  the  square  of  the  breadth ;  then 

12544  +  7056  =  V^19^  =  140  Inches,  the  dia« 

inal  required. 

Exam.  3. 

Here  72.5  X  72.5  X  2  =  5256.25  X  2  =  10512.5, 

ice  the  square  of  the  side ;  and  V^  10512.5  =  102.53 
dies,  the  diagonal  required. 

D 


26  SdUA&E  »00T.  (PA&T  l) 

PROBLEM  V. 

Given  the  hypothenuse  of  a  right  angled  triangle^  and 
either  of  the  legs^  to  find  the  other  leg. 

Exam.  1. 

Here  153*  —  135*  =  23409  -  18225  =  5184 ;  and 
\/5184  =:  72  inches^  the  perpendicular  required. 

Exam.  2. 

Here  60*  —  36*  =  3600  -^    1296  =  2304 ;  and 
V^2304  =  46  inches,  the  perpendicular  depth  required. 

Exam.  3. 
Here   125*  -  100*  =  15625  -  10000  =  5625,  and 
\/5625  =  75,  the  depth. 

Also,    100*  -  78*   =  10000  -  6084  =  3916;  and 
^  3916  =  62.577  the  breadth. 


PROBLEM  VL 

Given  the  ,  head  and  bung  diameters  and  length  of  a 
cask^  to  find  the  diagonal  or  distance  between  the 
centre  of  the  bung  holey  and  that  point  where  the 
middle  of  the  opposite  staff  and  head  of  the  cask  in" 
tersect  ea^h  other. 

Exam.  1. 

Here  ?i±i?  =  —  =  21,  half  the  sum  of  thedia- 

30 
meters ;    and   —  =  15,  half  the  length  of  the  cask ; 


then  21*  +  15*  =  441  +  225  =  666;  and  V 666  = 
25.8  inches,  the  diagonal  required. 
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Exam.  2. 

Here^^i^  ^  --  =  28,  half  Ae  sum  of  the  dia- 
2  2 

meters;  and — =3  20,  half  the  length  of  the  cask;  then 

28*  +  20*  =  784  +  400  =  1184. ;  and  \^1184.  =  34.4 
inches,  the  diagonal  required. 


PROBLEM  VII. 

Given  the  diagoruil  and  diameters  of  a  cask^  to  find 

its  .length. 

Exam.  1. 

Here^iii^  =  ~  =  21,  half  the  sum  of  the  dia- 
meters 2_Aot25.8«  -  21*  =  665.64  -  441  =  224.64 ; 
and  >/  224.64  X  2  sa  14*98  X  2  =±  29-96  inches,  the 
length  of  the  cask. 

Exam.  2. 

Here  i^^t^=  — =  32,  half  the  sum  of  the  dia. 
2  2 

meters  ;  then.  40«  -  82*  =  l600  -  1024  ==  576;  and 
s/576  X  2  =  24  X  2  =  48  inches,  the  length  of  the 
cask. 


D2 
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CUBE  ROOT. 

To  extract  the  Cube  Root  of  any  number. 

Exam.  2, 

68044792(398  Ant. 

36044  resolvend. 

9  triple  of  3. 
27    triple  square  of  3. 

279  divisor. 

729  cube  of  9. 
729    square  of  9  x  by  the  triple  of  S. 
243      triple  of  9  X  by  the  square  of  3. 

32319  subtrahend. 

3725792  second  resolvend* 

117  triple  of  39. 
4563    triple  square  of  39* 

45747  second  divisor. 

512  cube  of  8. 
7488    square  of  8  X  by  the  triple  of  S9i 
36504     triple  of  8  X  by  the  square  of  39. 

372579^  second  subtrahend. 


Proof. 


Here  398   x  398  x  398  =   158404  x    SgS    = 
63044792^  the  same  as  tlie  given  number. 
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Exam.  8. 


958585256(9S6  Am. 
729 

229585  resolvend* 

27  triple  of  9. 
243    triple  square  of  9* 

2457  divisor. 

512  cube  of  8. 

1728  square  of  8  X  by  triple  of  9- 
1944  triple  of  8  X  by  square  of  9- 
212192      subtrahend. 

17393256  second  resolvend. 

294  triple  of  98; 
28812    triple  square  of  98. 

28841 4  second  divisor.. 

2l6cttbeof  & 
10584   square  (^  6  x  by  the  triple  98. 
17287^    tnple  of  6  x  by  the  square  of  98. 

17398256  second  subtrahend. 


Proof* 

Here  9S6  X  9^6  X   986  =  972196  X  986 
585852^9  the  same  as  the  given  number. 


D3: 
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Exam.  4. 


633.839779(8.59  Ant, 
512 

1S1889  lesdyend. 

24  triple  of  8. 
192   triple  square  of  8. 

1944divMor. 

125  cube  of  5. 
600    8(}oare  of  5  X  by  triple  of  8. 
960      tnple  of  5  X  by  sqiuure  of  8. 

102125      subtrahend. 
19714779  second  resolvend. 

255  triple  of  85. 
21675  triple  square  of  85. 

217005  second  divisor. 

729  cube  of  9- 
20655    s(^uare  of  9  X  by  triple  of  85. 
195075      triple  of  9  X  by  square  of  85. 

19714779  second  subtrahendL 


Proof. 


Here  8.59  X  8.59  X  S.69  =  78.7881  x  8.59 
633.889779i  the  same  as  the  giren  number. 
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EZAH.  5. 


1006.012008(10.02  Am. 
1 

006  resolvend 

3  triple  of  1. 
S  triple  squaxe  of  1. 

33      divisor. 

6012  second  resolvendb 

SO  triple  of  10. 
300    triple  square  of  10. 

3030       second  divisor. 

6012008  third  resolvend. 

300  triple  of  100. 
30000   triple  square  of  lOa 

300800  third  divisor. 

8  cube  of  2. 
1200   sq^uare  of  2  x  by  triple  of  100, 
60000     tnple  of  2  x  by  square  of  100. 

6012008  subtrahend. 


Proof. 


Here  10.02  x  10.02  x  10.02  =  10a4004  x  10.02 
:  1OO6.O12008,  the  same  as  the  given  number. 
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EXAIC.  6. 


169632  resolvend. 

27  triple  of  9. 
243    triple  square  of  9. 

2457  divisor. 

216  cube  of  6. 

972    squaseof  6  xby  tripleof  9. 
1458      triple  of  6  X  by  square  of  9- 

155736        subtrahend. 

13896125  second  resolvend. 

288  triple  of  96. 
27648    triple  square  <^  96. 

276768  seocmd  divisor. 

125  cube  of  5. 
7200   square  of  5  X  by  triple  96, 
138240     tnple  of  5  x  by  square  of  96. 

13896125  second  subtiiahend^ 


Proof. 

Here  .965  x  -965  x  .965  =  -981225  x  365 
S9B6S2125^  the  same  as  the  given  number. 
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Exam.  7* 
Here  f  f  =  .904761904. 

.90476i904).967  Ant. 
729 

175761  resolvend. 

if  triple  of  9. 
243    triple  square  of  9. 

2457  divisor. 

216  cube  of  6. 
972    square  of  6  x  by  triple  of  9. 
1458     triple  of  6  x  by  square  of  9- 

155786        subtrahend. 

20025904  second  resolvend. 

288  triple  of  96. 
27648    triple  square  of  96. 

276768  second  divisor. 

343  cube  of  7. 
14112    square  of  7  X  by  triple  of  96^ 
19S536     tnple  of  7  X  by  square  of  96* 

19495063  second  subtrahend. 

530841  remainder. 


Proof. 

ere  .96?  X  .967  X  .967  =  .985089  X  -967  = 
i31068,  the  cube  of  the  root ;  to  wliich  add  the 
inder,  and  we  obtain  -904761904^  the  proof  re« 
?d. 
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CUBE  ROOT, 

APPLIED  TO  THE 

Solution  of  several  useful  Mathematical 

Problems. 


PROBLEM  I. 

To  find  the  side  of  a  cubical  vessel  that  shall  be  e^pud 
in  content  to  any  given  vessel,  whose  form  is  that  oj 
a  parallelopipedon,  a  cylinder^  a  prism^  a  cone, 
ifc.  ^c. 

Exam.  1. 


Here  v^2l6000  =s  60  inches^  the  answer  required. 

Exam.  S. 
Here  231    x    4S  =  9933«  the  number  of  cubic 

3  

inches  in  43  wine  gallons;   and  v^9933   =r   21.496 
inches^  the  side  requured. 


Exam.  3. 

Here^  2150.42  X  48  =  103220.16^  the  nundber  of 
cubic   inches  contained  in    48    malt  budiels;    and 

V^  10322016  =  46.908  inches,  the  answer  required. 
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PROBLEM  11. 

Given  the  dimensions  of  any  vessel ^  to  find  the  dimeu' 

si^ns  of  another  similar  vessel^  that  shall  be  any 

number   of  times  greater   or  less  than  the  given 

vesseL 

Exam.  1. 

Here   216*  =    1007769^,  the  cube  of  the   given 

length;  and  IOO77696  X  8  (the  ratio)  =  8O6SI668; 

3 

hence   v"  8062 1568  =  432  inches^  the  length  of  the 
required  vessel. 

Also^    125'   =    1953125^  the  cube  of  the  given 

breadth;    and   1953125    x    8  =   15625000;  hence 

3 

^15625000  =  250    inches^  the  breadth  of  the  re- 
quired vessel. 

Lastly^  64'  =  262144,  the  cube  of  the  given  depth; 

and  262144  X    8  =  2097152;  hence  v'2097152  = 
128  inches,  the  depth  of  the  required  vessel. 

Exam.  2.' 

Here  64'  =  262144,  the  cube  of  the  given  depth ; 

and  262144   X  27  (the  ratio)   =  7077888;   hence 

3 

^7077888  =  192  inches,  the  depth  of  the  required 
vessel. 

Also,  27'  =  19683,  the  cube  of  the  given  diameter; 

and  19683  X    27  =  531441 ;    hence  v^  531 441  =  81 
inches,  the  diameter  of  the  required  vessel. 

Exam.  3. 

Here  343'  =    40353607«  the  cube  of  the  given 
depth;  and  40353607  -i-  i  (the  ratio)  z=  5044200.875; 

hence  ^5044200.875  =171.5  mches,  the  depth  of 
the  required  vessel. 

Also,  125'  =  1953125,  the  cube  of  the  given  dia- 
meter;   and   1953125  -r  i  =  244140.625;   hence 
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^244140.625  =  62.5    inches,  the  diameter  of  the 
required  vessel. 

Exam.  4. 

Here  SO*  =  27000,  the  cube  of  ihe  giyen  length ; 

s  . 

and  27000  x  3  (the  ratio)  =  81000;  hence  v'Sl^^ 
=  43.267  inches,  the  length  of  the  reqtiired  cuk* 

Also,  24'  =   13824,  the  cube  of  the  given  bung 

diameter  ;  and  13824  X  3  =  41472 ;  hence  ^^  41 472 
:t:  34.614  inches,  the  bung  diameter  of  the  required 
cask. 

Lastly,  18'  =  5832,  the  cube  of  the  given  head 

diameter;  end  5832  X  3  =  17496;  hence  y^  17496 
==  25.96  inches,  the  head  diameter  of  the  required 
cask. 


PROBLEM  II L 

Given  the  dimensions  and  content  of  any  vessel,  to 
find  the  dimension^  of  a  similar  vessel  of  a  given 

content* 

Exam.  1. 

Here,  as  2625  :  25'  ::  21000  ;  125000,  the  cube 

of  the    length;     and    y^  125000  =  50  indies,  the 
length  of  the  required  vessel. 

Also,  as  2625  :  15'  ::  21000  :  27000,  the  cube  of 

the  breadth ;  and  v^  27000  =  30  indies,  the  breadth 
of  the  required  vessel. 

Lastly,  as  2625  :  7'  H  21000  :  2744,  the  cube  of 

the  depth ;  and,  i/2744  =  14  indies,  the  depth  of 
the  required  vessel. 

Exam.  2. 

Here  125.33  X  282  =  858^.06  cubic  indies,  the 
content  of  the  given  vessel. 
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Also,  €8.5  X  28S  zs  10^17  cubic  indies,  the  ocmtent 
of  the  vessel,  of  which  the  dimensions  are  required. 

Then,  as  3534>3.06  I  SO'  ::  19317  •"  14757.041410, 
the  cube  of  the  diameter  of  the  said  vessel ;  hence 

1/14757.041410  =  24.52  inches,  its  diameter. 

Lastly,  as  35343.06  :  50*  :  119317  I  6S319S36l60, 
the  cijbe  cf  the  ^ptih  of  the  said  vessel;    hence 

v/68S19.6s6l60    =    40.88    inches,    ihe   depth    re- 

quired. 

Exam.  3. 

Here  599-45  x  231  =  138472.95  cubic  inches,  the 
content  of  4he  given  vessel. 

Also,  946  X  231  =  218526  cubic  inches,  the  con* 
tent  of  the  vessel,  of  which  the  dimensions  are  re- 
quired. 

Then,  as  138472.95  :  46*  ;:  218526  :  153607.233 
297^  the  cube  of  the  bottom  diameter  of  the  said  ves- 
sel; hence  ^Z  153607.233297  =  53.55  finches,  its 
bottom  diameter. 

And,  as  138472-95  !  62'  :;  218526  :  37^1 08.500 
731,  the  cube  of  the  top  diameter  of  the  said  vessel ; 

hence  y^  376108.500731  t=  72.18  indiesr,  its  top  dia- 
meter. 

Lastly,  as  138472.95  :  60*  r :  218526  :  340872.466 
4Sir  the  cube  of  the.  ^pth  of  the  said  vessel ;  hebce 

v/ 340872-466427    =    69-85    inches,    the  depth  re- 
quired. > 

BxiiM.  4. 

Here  38.75  x  282  =  10927-5  cubic  inches,  the  con- 
tent  -of  "Ae  igiven  Vessel. 

Also,  55.5  X  282  =  15651  cubic  inches,  tlie  content 
of  the  vessel,  whose  dimensions  are  required. 

Then,  as  10927-5  ;  30*  :;  15651  :  S867O.967741 
the   cube  of  the  length,  of  the  said  vessel;   hence 

V^38670.967741  =  33.82  inches,  its  length. 

Agaai,  4U  10927.5  :  24'  :;  15651  :  1^59.535^*83 

E 


as 


Tjn  ITBX  or 
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tiiectilie  <S  the  bung  dkinetin  «f  tht  tnud  veMd; 

hence  v' 19799585485   ca:    $7.05   indite^  fts  Irang 
Aameter. 

Lastly,    as  10927.5  !   18'  ::  15651  :  SSS2.9Z919S 
the    cube    of    the   head   cliameter,    of    the    said 

tessel;  and ^8S52.98912S  ss  «088  iaeht^,  te  head 
diameter  required. 


PART  11. 

THE  USE  OF  THE  SLIDING  llDLE. 

PROBLEM  L 
Muttiplicatiovt  hy  the  lim^  A  and  B. 


As  1  on  A 


Asl  onB 


AiB  1  on  A 


As  1  on  B 


As  1  on  A 


As  1  onB 


As  1  on  A 


Exam.  S. 

8  on  B  : :  15  on  A  ;  120  on  B. 

KXAM.  3. 

24  on  A  ; :  64  (m  B  :  ISlCen  A. 

Exam,  4. 
128  on  B  ::  265  on  A  ;  S5920  on  B. 

Exam.  5. 

5.3  on  A  : :  8.5  on  B  ;  45.0$  on  A. 

Exam.  6. 
3.5  on  B  ::  4.7  on  A  ;  16.45  on  B. 

Exam.  7. 
1.7  on  A  ::  3«5  on  B  :  5.95  on  A. 

JtXAM.  o. 

2.4  on  B  ; ;  6.2  on  A  ;  14.88  <Hi  B. 
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KxAV.  Sk 
AsMnB  ;  .9on  A  ::  1.8  onB  :  IJSftmA. 

EzAJi.  la 

As  J  nn  A  :  dS.8onB  :;  64.7  on  A  J  «lJBf.l6 
onB. 

As  1  on  B  ;  ,3^  on  A  r:  86.3  on  B  :  27.6l6  on  A, 

ExiH.  12. 

As  1  on  A  :  .gsa  on  B  ::  .564  on  A  :  A^S7i>6 
on  B. 


PROBLEM  II. 
OtqiflMHi  hff  iU  Knu  A  omd  B. 

Ar7  on  A  :  1  on  B  ::  42  on  A  :  6  on  B. 

ExiM.  3. 

As  8  on  B  :  1  on  A  ::  96  on  B  ;  12  on  A. 

Exam.  4. 

As  24  on  A  :  1  on  B  ::  1536  on  A  :  64  on  B. 

Exam.  i. 
As  128  on  B  ;  1  on  A  ;;  33920  on  B  :  265  on  A 

Exam.  6. 
As  5.3  on  A;  loiiB::4«.0*«A:  8.5  on  B. 

Exam.  7. 
As  4.7  on  B  :  1  on  A  ::  16.45  on  B  :  S.S  on  A. 

E^CAM.  8. 

As  2.4  on  A  :  1  on  B  : !  14.88  <«i  A  :  6.2  on  B. 

£2 
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ExAJu  la 

assuoaa  :  1  on  9  ::  21522.16  «  a  :  64.7 

onB. 

Kxuf.  IK 

A8l2;&onB:ioiiA::S5onB:  .2&aQA. 

Exam.  IZ. 
As682onA  :  ImB  ;:  I5an  A  ;  .Q257<n  & 


PROBLEM  IIL 

Ta  find  a  famik  fropartional  to  three  mmmbere  ;  or 
to  perform  tite  BmU  of  Three  by  the  Unee  A  and  B. 

EXiLH.  2. 

gaL  s.  gal.  s. 

As44onB;55oaA;:8tfiB;tolOonA« 

cand,  ft.  ooiul.  If. 

As24onA  :  loaB::  1200  on  A:  ISOonBL. 

Exam.  4. 
As  12  on  B  :  2ionA  ::36anB;  72  m  A. 

Exam.  5. 

Afl  3.25  on  A  ;  29.5on  B  ::  8.75  on  A  :  7&75 
on  B. 

Exam.  6. 

goL  9.  gaL  e, 

Afl  1  on B  ;  19.75  on  A  :;  45.5  on  B  ;   898*<^ 
on  A 
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PROBLSM  IV. 

Inverse  Proportion  by  the  linfis  /i  and  B. 

Exam.  2. 

s,  goL  s.  s» 

As  16 on  B  :  aon  A  ::  db  on  B  :  10  oft  A. 

jESZAM*   3* 

men,  da*  w/en*         da* 

As  48  on  A  :  18  on  B  : ;  8  on  A  :  S  on  B. 

.  BxAM.  4.: 

iffi*  dtu  offL  da. 

As  6  on  B  ;  12  on  A  : :  S  on  B  :  4  on  A. 


PROBLEM  v. 

To  reduce  a  vulgar  fraction  to  a  decimal^  by  the 

lines  A  and  B. 

Exam.  2. 

Den*        Unity.         Num.         Dec, 
As  2  on  B  :  1  on  A  ; :  1  on  B  :  .5  on  A. 

£XAM.  3. 

Den.         Unity.        Num.         Dec. 
As  4  on  A  :  1  on  B  ;:  5  on  A  :  .75  on  B. 

Exam.  4. 

Den,        Uniiy.        NmL  Dee, 

As  96  on  B  :  1  on  A  ;:  24  on  B  ;  .25  on  A. 

A3 
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SeC96(mCto  96oiiD» then  igamtl 466 on  C«  is 
216  on  D. 


PROBLEM  XI. 

To  cube  any  number  by  the  lines  C  and  D^ 

Exam.  2. 

Set  1  on  D  to  12  on  C^  then  i^^arast  12  on  D  is 
1728  <»i  C 

Set  1  on  D  to  18  on  C,  then  agiinit  la  on  B  is 
5832  on  C. 

KXAM  4. 

Set  1  on  D  to  85  on  C^  tlien  against  55  on  D  is 
42875  on  C. 


PROBLEM  XII. 

To  extract  the  Cube  Root  of  any  wimher  by  the  Unee 

C  and  Ik 

BxAM*  2. 

Find  64  OB  the  lineC,  then  move  tfie  elide  mta  1 
on  D,  64  on  C,  and  10  on  D,  cut  the  aame  Dumber  on 
the  opposite  lines,  which  you  will  find  to  be  4>  the  root 
required. 

Exam,  a 

Having  found  120  on  the  line  C,  move  the  sKde 
until  1  on  D,  120  on.C>  and  10  on  D,  stand  against 
the  same  number  on  the  omosite  lilies^  iiihidbi  ia  ^'' 
case  is  4.93  the  root  required. 
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Exam.  4.* 

Find  200  on  the  line  C,  then  move  the  slide  until 
1  on  D^  200  on  C,  and  10  on  D>  cut  the  same  number 
(m  the  opposite  lines,  which  you  will  find  to.  be  5.64^ 
the  root  required. 

Exam.  5. 

Having  found  1728  on  the  line  C,  move  theslide 
until  1  on  D,  1728  on  C«  and  10  on  D,  stand  ^gainst 
the  same  number  on  the  opposite  lines,  which  in  thia 
case  is  12,  the  root  required. 

JEXAM.  6. 

Find  1000  on  the  line  C,  then  move  the  slide  until 
1  on  D,  1000  on  C,  and  10  on  D,  cut  the  same  number 
on  the  opposite  lines,  which  you  will  find  to.  be  1.0» 
the  root  required.. 


PART  III. 

Problems  in  Practical  Geometry^  for  tie  esercise  ofths 

Learner. 

PROBLEM  L 

SohUion* 

Draw  nn  mdefinite  right  l^e  vr^  your  pencil;  and 
Rrom  any  scale  of  equ^  parts,  take  15  in  your  com* 
passes,  and  transfer  it  to  the  rkht  line ;  and  you  will 
liave  the  given  Hne  AB^  whi(£  you  may  then  draw 
with  ink*  Bisect  thia  Hne  by  Problem  L  oi  the 
jua^ng;  and  eadi  part  will  measure  7^  if  the  work. 
>e  right.. 


PROBLEM  IL 

Sohttitnu 

Draw  two  lines  to  fovm  any  angle  ABC,  at  pleasure;, 
lien  bisect  the  angle  by  Problem  II.  of  the  Gauging  p^ 
od  the  work  will  be  dome;. 
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dttnw  tbe 


jw 


and  tbe 


PROBLEH  TL 

Dhw  ft  i%|ht  Hoe  at  pkasiire;  tbm  take  94  btdm 
in  yoar  oompftases,  lay  it  offupoD  tins  line^  and  jmt 
will  have  tbe  base  of  ^  triangle. 


CpAKT  It.)      QlUmMTUJCAL  FBOlKUntS*  if 

Take  14  in  your  compasses^  and  lay  it  off  from  one 
end  of  the  base,  land  yea  wQl  hwft  the  point,  at  which 
the  perpendicular  must  be  raised. 

From  this  point,  erect  a  perpendicular  at  pleasure 
by  ProUem  iV. ;  and  upon  this  line  liqr  off  1£  inches ; 
procsed  as  directed  In  Problem  VII  I.,  and  the  work  will 
be  finished. 


PROBLEM  YU. 

Solution. 

Draw  a  right  line  at  pleasure ;  then  take  l6  inches 
in  vour  compasses,  and  lay  it  off  upon  this  line,  and  you 
will  obtain  one  side  of  the  square ;  proceed  as  directed 
in  Problem  IX,  and  you  will  obtain  the  square  required. 


PROBLEM  TIIL 

Solution* 

Having  di'awn  a  right  line  at  pleasure,  take  24 
inches  in  your  compasses,  lay  it  off  upon  this  line,  and 
you  will  have  the  length  of  the  rectangle. 

At  one  extremity  of  the  line  already  laid  down,  erect 
a  perpendicular  at  pleasure;  tiien  take  12  inches  in 
your  compasses,  lay  it  off  upon  this  line,  and  you  will 
nave  the  oreadth  of  the  rectangle* 

Proceed  as  directed  in  Problem  X»j  and  you  will 
obtain  the  rectangle  required. 


PROBLEM  IX. 

Solution. 

(Dtatir  *.  line  Idnpleasnne;  take  94  inches  ki  jwnr  obnM 
passe%  imd  lay  it  off  upon  dus  line,  and  you  will  imt 
the  bMe  of  rae  regular  rhombus. 

Proceed  ail  directed  in  Problem  XI.,  and  you  wHI  hi 
able  to  complete  the  required  figure^ 


M  OaOlfKTEICAI.  rmOBLBKS.       (PAEtll.) 

PROBLEM  X. 

SohUUmm 

Hsving  drawn  a  rigbt  line  at  pleasuie^  take  16  in 
your  oompaaaeSy  and  lay  it  off  upon  this  line,  and  yon 
will  have  the  base  of  toe  irregular  rhombus. 

At  one  end  of  the  base,  onset  a  perpendicnlar,  whidi 
make  equal  to  12  inches;  and  then  oy  proceeding  is 
directed  in  Problem  XII.,  you  will  be  able  to  constnict 
the 


PROBLEM  XL 

Solution^ 

Draw  a  right  line  at  pleasure,  then  take  S6  in  joor 
compasses,  and  lay  it  off  upon^this  line,  and  you 
will  have  the  base  of  the  regular  rhomboid. 

Take  18  in  your  compasses,  and  lay  it  off  from  one 
end  of  the  base ;  and  by  proceeding  as  directed  in 
Problem  XIII.,  you  will  be  able  to  complete  the  re* 
quired  figure. 


PROBLEM  XIL 

Solution, 

Having  drawn  a  right  line  at  pleasure,  take  in  your 
^compasses  28  inches,  lay  it  off  upon  this  line,  and  you 
will  have  the  transverse  diameter  of  the  ellipse. 

Bisect  this  diameter  perpendicularly,  and  you  will 
obtain  the  centre  of  the  figure.  From  this  centre,  set 
off  8  inches  both  ways  upon  the  bisaecting  Ime;  and 
you  will  have  the  omjugate  diameter.  Then  by  pro* 
ceeding  as  directed  in  Problem  XV.,  you  will  be  able  to 
construct  the  ellipse  required^ 


(?ART  III.)      6X01CXTESGAL  PEOBLXMS.  49 


PROBLEM  XIIL 


Solution* 


Take  14  inches  in  your  compasses^  and  with  this 
ndxos^  describe  a  cirde ;  then  apply  youf  compasses 
six  times  to  the  circle^  and  you  will  have  the  angular 
points  of  the  hexa||;on.  Join  these  points  by  right  unes^ 
and  tiie  figiure  will  be  completed.  (See  Problem  XVII.) 


PROBLEM  XIV. 

SoliUion^ 

Draw  an  unlimited  line  at  pleasure ;  then  take  60^  in 
in  your  compasses,  and  with  one  end  of  this  line  as  a 
centre,  describe  an  arc.  Take  42®  SO*  in  the  com- 
passes, and  set  it  off  upon  this  arc ;  and  bv  proceeding 
as  directed  in  Problem  XXIIL,  you  will  be  able  to 
complete  the  work. 


PROBLEM  XV. 


SoltUion* 


Draw  the  indefinite  line  AB ;  and  with  the  chord 
of  6CP  in  your  compasses,  describe  the  arc  D£;  set  off 
90°  from  D  to  C,  and  from  C  to  G,  set  off  the  excess 
above  90^,  whidi  is  46^  45'.  Draw  the  line  AG,  and 
GAB  will  be  the  required  angle.  (See  Problem  XXIV.) 


so  MsmnAXBttr  *         (fakt  it.) 


TART  ir. 

MENSUBATION  OF  SUPERFICIES 

irPUBO  TO 

f 

GAUGING. 


PROBLEM  I. 

The  tide  of  a  iquore  being  given^  to  find  the  area  in 
ale  gallons^  wine  gallons^,  mash^un  gallone^  and 
malt  bushels. 

Exam.  S. 
'By  MultiplicatioiU 

IWOKSm 

153»4  side. 
153^  ride^ 

6136 
4602 
7670 
1534 

23531.56  area  in  square  induest 
•Q03546  multipli^. 


14118936 
9412624 
11765780 
7059468  . 


83w442910L76  axea  in  ale  gaUotta^ 
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ISqwre  Incites, 

23531.56 
.004329  muhqilier, 

21178404 
4706312 
7059468 
9412624 

101.86812324  wine  gaUons. 


Square  Inchmt. 

23531.56  area. 
.000465  multiplier, 

11765780 
14118936 
9412624 

10.94217540  msix  bosheh. 


jB|^  Hiiriflum. 

Square  Inches 
Divisor  282)23531.56(83.445  ale  gallons. 
2256 

..971 
846 


1255 
1128 

.1276 
1128 

.1480 
1410 

..70 
F2 


Si  MSKSVEATION  OF  (fa&T  IV.) 

Square  Inches. 
bivisor  2Sl)2SSSl.56(10UBes  wine  gilkns. 


S51 


i«  >i. 


.4S1 
251 


2005 
1848 

.1576 
1386 

.1900 
1848 

HA  * 

•  •  USB 


Square  Inches. 

Divitor  2150.42)23531.56(10.942  malt  buahdsL 

215042 

. 2027360 
1935378 


• « 919820 
860168 

.596520 
430084 

166436 


Exam.  4. 


Here  82.2  x  82.2  s  6756.84«  the  area  in  squaiv 
inches ;  and  6756.84  4-  282  =  23.96>  the  area  m  ale 
gallons ;  then  23.96  x  5.4  =  129*384,  the  content  in 
ale  gallons. 

Exam.  5. 

Here  43.2  x  43.2  =  1866.24,  the  area  in  square 
inches ;  and  1866.24  -£-  231  =:  8.078,  tiie  area  in 
wine  gallons ;  then  8.078  x  52.7  =  425.710,  the  con- 
tent in  wine  gallons. 
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Exam.  6. 
Here  75  x  75  =  56^5,  the  area  in  square  inches  ; 
and  56Si5  -^  2150.42  =  2.615^  the   area  in  malt 
bushels;  then  2.615  X  16.4  s  42.886^  the  content  in 
malt  bushels. 

Exam.  7> 

1.  Here  84  x  84  =  7056,  the  area  in  square 
inches;  and  7056  -f-  282  =  25.021,  the  area  in  ale 
gallons ;  then  25.021  X  14  =  550.294,  the  content  in 
ale  gallons. 

2.  Here  7056  -f  2S1  3=  30.545,  the  area  in  wine 
gallons;  andM.545  x  14  =  427*63,  the  content  in 
winefiidlons. 

3.  Here  7056  -r-  227  =  31.083,  the  area  in  mash- 
tun  gallons ;  and  31.083  X  14  =.  435.162,  the  content 
in  mash-tun  gallons. 

4.  Here  7056  -r  2150.42  =  3.281,  the  area' in  malt, 
bushels;  and  3.281  x  14  =  45.934,  the  ccmtent  in 
malt  bushels. 


PROBLEM  11. 

To  find,  the  area  of  a  rectangle*. 

Exam.  3.. 
Inches. 
162.7  length. 
86.3  breadth. 

4881 
9762 
13016 

DivisoQ^  282)14041.01(49.79  area  in  ale  gallons. 
1128 

.  2761 
2538 


.2230 
1974 


.  2561 
2538 

..23 
^F3: 
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Galltms. 
49-79  area. 
6.8  depth. 

29874 

SS8.572  the  content. 


Exam.  4. 

Here  7^-6  X  65.7  =  4901.22,  the  axea  in 'square 
inches;  and  ^1.22  «r  231  =s  21.217*  the  area  in 
vme  gallons;  dien 21.217  X  24.7  =  524.0599  gallons, 
the  content 

Exam.  5. 

Here  64  x  52  =  3328,  the  area  in  square  inches; 
and  3328  -r-  227  =  14.660,  the  area  in  mash-tun 
gallons,  which,  bj  the  question,  is  also  the  area  in 
malt  gallons ;  then  14.6m)  X  32  ^  469.12,  the  con- 
tent in  malt  gallons ;  hen<^  469.12  -r-  8  ^  58-64,  the 
number  of  bushels  required. 

Exam.  6. 

Here  124.5  x  98.2  =  12225.90,  the  area  in  square 
inches;  and  12225.90  -^  2150.42  :=  5.685,  the  ares 
in  malt  budiels;  dien  5.685  x  14.8  s  84.138  malt 
bushels,  the  contents 

Exam.  7* 

Here  245  x  152  =  37240,  the  area  in  square 
inches;  and  37240  -7-  2150.42  =  17-317>  the  area  in 
malt  bushels;  then  17-317  X  5.9  =  102.1703  malt 
bushels,  the  content 


PROBLEIil  III. 

To  find  the  mrta  of  a  rhomhm  or  riomboides^ 

Exam..  3. 

Here  73.6  x  56.2  :;=  4136.32,  the  area  in  sqiiai^ 
inches ;  and  4136.32  ^  282  =:  14.667>  the  area  in  ik 
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gallons ;  then  14.667  X  S.7  s  99-6009,  the  content 

in  ale  gallont, 

£XA1C«  4. 

Here  108.4  X  70.6  =±:  7658.04,  the  area  in  square 
inches;  and  7653.04  -r  282  =  27.138,  the  area  in 
ale  gdlons ;  then  27.138  X  .8  =  21.7104,  the  content 
in  tie  gallons. 


PROBLEM  iV. 

To  find  the  area  of  a  triangle^  when  the  base  and  per- 
pendicular are  given^ 

Exam.  3. 

Here  l^i^i^  =  ^^*  =  5871.4,  the  ^^^ 

square  inches ;  and  58714  -r-  282  =  20.82,  the  area  in 
ale  gallons ;  then  20-82  X  4.1  =  85.362,  the  content 
in  ale  gallons* 

Exam.  4. 

Here  12^12^1^  =  Hl^    =.    5932.78,    the 

area  in  square  inches;  and  5932.78  -f-  2150.42  =^ 
2,758,  the  area  in  malt  bushels ;  then  2.758  X  42.3  == 
1 16.^34,  the  content  in  malt  bushels. 


PROBLEM  V. 

Tq  find  the  area  of  a  triangle^  when  the  three  sid^e 

are  gioeik. 

Exam.  3. 
Here  ^^^  +  Hg  +  9g  _  ^g^^  y^^^^  ^„^  of  the 
sides  i^  then  l6a  -H4  =  48,.  the  first  JcemsinfleiijL 


8B  MxaoMArum  or  (fabt  tv.) 

IfiS-  11S=  50,  aenoandicnidttdcr;  and  lie  «> 
98  =  6*,  the  third  nmamdcr;  wlmoe  VlGSt  x  48 


X  50  x'64  =  v^S4a83900  s  49SS.306,  the  ion  in 
square  indies ;  diai  4988.506 -h  282  =  17-68%  tbe 
are  in  ak  giJkms;  4988.306  -^  231  =  21.594,  die 
area  in  wine  gaDonsi  and  4988.306  -r-  2150.42  = 
2.319,  the  area  in  malt  bnnhela- 

Exam.  4. 

74  4.  74  4.  74        222 

Here       ^  J  =  ^  =  "1,  half  the  sun 

2  2 

of  die  sides;  tfien  111  --  74  =  37«  tiie  first  re- 
mainder; 111  —  74  =  37«  the  aeoond  remainder; 
and  111  —  74  =  37»  tibe  third  remainder;  whence 

v^lll  X  37X37X37  =  v^ 5622483  =  2371.177, 
the  area  in  square  inches;  then  2371.177  -^  S82  = 
8.408,  the  area  in  ale  gallons ;  and  8.4^8  x  28.6  ^ 
240.4688,  the  content  in  ale  gaUons, 


PROBI4E.M  VL 

fo.find  the  area  cf  a  trapeziiun^ 

£zA]f.  3«, 

^legaUons. 


1^4.967 

3.7  depth* 


i0476d' 
44901 

55.8779  Ans^ 


Exam.  ^ 


Here  28.2  +  47  x  9-*.*  =  75.2  x  9*.*  :s  7098.88 ; 
and  7098*88  -t'  2  =  3549.4(4^  the  alea  in  square^ 


(PAET  IV.)  8UPSEFIC1ES.  57 

inches;  tiien S549L44 -r  231  =  15.365,  the  area  in 
wine  gallons. 

Exam.  5. 


Here  58.4  +  46.8  X  126.6  =^  105.2  X  126.6  s 

13318.32 ;  and  13318.32  -r- 2  ==  6659-16,  the  area  in 

square  inches ;  then  6659*16  -=-  2150.42  =:  3.096,  the 

area    in    malt    husheU;    whence  3.096   x    39.3  =: 

121.6728  bushels,  the  whole  content ;.  and  121.6728  — 

^^^'^l^^  --  12L6728  -  24.3345  5C  973383  buAels, 

5 
the  answer  required. 

^^^•^^■■^ 

PROBLEM  Vll. 

To  find  the  area  cf  a  trapezoid. 

ExAit.  3, 

Here  214  +  178  X  146  »  392  X  1*6  5=  57238  ; 
and  57282  -r  2  =  286l6,  the  area  in  square  inches  ; 
Chen  28616  -r  282  =  101.475|  the  area  in  ale  gallons. 

Exam.  4. 

Here  101.475  x  1-7  «=  172.5075  ale  gallons,  the 
content  required. 

PROBLEM  VIII. 

To  find  thfi  arm  of  an  irregular  p<dygon  vf  ant^ 

number  of  sidee* 

Exam.  2. 

AU  gallons^ 
24.414  area. 
6.7  depth. 

170898 
146484 

168.5738  Ans. 


58  MXMPSATIOir  OF  (PAmT  IV.) 


Exam.  3. 

Here  l«l±i^±i*  =  ¥  =  178,   l-df  the 

sum  of  the  sides ;  then  17S  —  16O  =  18,  the  fint 
remainder;  178  —  102  =  76,  the  second  remainder; 
and  178   —  94  =  84,  the  third  remainder ;  whence 

/l7«  X  18  X  7€>rii  =  V^80454SS6  =  4S82.647 
inches,  the  area  cf  the  first  triangle. 

.     ,      160  +  180  +  01       854       ,^    .  ,^ ,, 
Again,  ^  ^     ^       "^  X  ^  ^77,  *»«^  *^ 

turn  of  the  sides;  then  177  —  16O  =  17>  the  fint 
remainder;  177  *•  180  sr  47,  the  second  remainder; 
and  177  —  64  =  118,  the  third  remainder;  whence 

^177X17X47X118  =  %/ 15980799  =  3997^ 
indies,  the  area  of  the  second  triangfe. 

.-      140  +  180  +  100       870       ,^,    ,.  ,^   w 
Also, o       =^  "T"  =  ^^^'  '"^  *^ 

smn  of  the  sides;  then  185  --  140  s=  45,  the  first  re- 
mainder; 185  —  180  =  55,  the  second  remainder; 
and  185  —  100  =s  85,  the  third  remainder;  whence 

/l85  X  45  X  55  X  85  =s  v^88919S75  =  6288.589 
inches,  the  area  of  the  third  triangle ;  hence  we  have 
4522.647  +  8997.599  +  6288.539  =  14758.785 
square  inches,  the  area  of  the  whole  poljgon. 


-^       14758.785       ^.o^  I        „  14758.785 

Then, =  ^.880  ale  gallons;  — - — - — 

282  B  »       gjj 

14758  785 

»  68.890  wine  gallons  ;  aod  ''    ■  =  6.868  malt 

S«ld.il«4% 

bushels^ 
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Exam.  4. 
Trapezoids  on  the  righU 


232  perp. 
lOOpeifw 

332  sum. 
335  base. 


1660 

996 
996 

111220  prod. 


125  perp. 
52  perp. 

177  sum. 
1951mm. 

885 
1593 

177 

34515  prod. 


100perp4 
152  perp% 

252  SOUK 
220ba8ei 

5040 
504 

55440  prod. 


52  perp. 
I26perp» 

178  sum. 
334basek 

712 

534 
534 

59452  prod. 


152  perp. 
125  perp. 

277  sum. 
23Oba30^ 


8310 
«^54 


63510  ptttd. 


DottUe  areiAs  collected* 
111220 
55440 
63710 
34515 
59452 

324337  sum. 
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MEKSITKATION  OF 


(part  IV.) 


360  perp. 
S36perp, 

696  sum. 
260  base. 

41760 
1392_ 

I8O96O  prod. 


Trapezoids  on  the  lefL 

312  perp. 


234  perp. 

546  sum. 
305  base. 


2730 
A6380 

166530  prod. 


336  pcrp. 
215  perp. 

551  sum. 
200  base. 


110200  prod. 


234  perp. 
309  base. 

2106 
7020 

72306  prod. 


215  perp. 
312  perp. 

527  sum. 
240  base. 


21080 
1054 


126480  prod. 


Double  areas  collected 
I8O960 
110200 
126480 
166530 
72306 

656476  sum. 


Whole  double 

SquoTB  iiickes. 

324337 
656476 

2)980813  sum. 

490406  area. 


Then  490406  -f-  282  =  1739.028^  Che  area  in  ale 
gdlons ;  490406  -t-  231  ==  2122.969>  the  area  in  wine 
{^ons;  and  490406  —  2150.42  ss  228.051^  theiRi 
m  malt  bttsfaels. 
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PROBLEM  IX. 

To  find  the  area  of  a  regular  polygon. 

£xAM.  a* 

Akgalhnf^ 
15.603  area. 
38.9  depth, 

140427 
lS4a24 
46809 

606^567*  i<i». 


■  11^ 


Rwe6Mx5x44^  ^  ]44i&).4,  and  il^t^  s 

2 
V22j>.2,  the  area  in  square  inches  ;  then  72^.2  -f-  282 
=:  25.622^  the  area  in  «le  gailwis. 

Exam.  4. 

Here  46.3  K  7  X  46  J  «  15^f89.21:  andH^??:H 

2 

=  7794.605,  the  area  in  square  inches;  then  ^*^^^?^ 

231 
=  33.742,  the  area  in  wie  gallons ;  and  33.742  x 
48.6  =  1639.^612,  the  tontent  in  wine  gallons. 


PROBLEM  X. 

To  find  4ht  xwea  of  a  regular  polygon,  when  the  eide 

<^^9  **  gwn. 

Exam.  S. 

Here  dl.7  X  21.7  X  .009213  =:  470.89  x  .009213 
=  4.33SSO957,  the  area  in  ale  gHUons;  and  4.3383  x 
I1.&  =s  I8a47328,  tlie  content  m  ale  flaHons. 

G 


or        {tamt  it.) 

X 


4. 
SiaxSlSx  J00aSt45  =  973.44  X  MOSSt^ 


PROBLEM  XL 


Cnm  tkt  ^ —***■'  of  m  cirek  to  JSmd  tke  eiremtfi' 


Hoe  Sfi5w465S  H- 3.1416  =s  84^  indws,  the  dii* 


£juv.  3. 
Here  36i9  X  3.1416  =  115.92504  indies,  tbe  cir« 


Exam.  4* 

Hoe  86.7  ^  3.1416  =:  27-5974  indic^  dwduaneter 


PROBLEM  XII. 
Tojaid  ikt  Umgtk  of  ike  arc  of  a  circle. 

ExiM.  2. 

3  3  3 

die  length  of  the  wc  required. 

Exam.  3. 
(See  tkefigvrt  in  the  Gauging.) 
Here  tre  have  given  AD  =  30,  and  CD  =  16^ 
whidi  axe  die  base  and  perpendicular  of  the  right- 
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angled  triangle  ADC;  then  by  Prob.  IV.,  Pall  L, 

^S0»+l6«  =  ^900  +  256  =  ^1156  =  84  =  AC, 
the  chord  of  half  the  arc;  and  by  the  Rule, 
34x8-60      27^-60       212       ^^.^  .    v        ,, 

5—  = 3— =  -^  =  70.666  inchea,  the 

length  of  the  axe  ACB. 

Exam.  4. 

Here  AC  is  the  hypothenuse,  and  CD  the  perpen- 
dicular of  aright  angled  triangle ;  then  by  Ph>b.  V., 

Part  I.,  <^42,5*-20*=  ^1806.25-400  =  ^  1406.25 
=  37.5  =  AD,  the  base ;  and  37-5  X  2  =  75  =:  Afi,  the 
chordof  the  wh<de  arc;  hence  by  the  Rule,  we  have 

-^ ~ — g= =— =:88,SSS^ches,  the 

length  of  the  arc  ACB. 

ExAU*  5. 

„       30  X  8  -  48     240-48      192  ^,      . 

Here = — =-4-   =   "*»   *© 

8  S3 

ength  of  the  remaining  arc  ACB. 

Also,  3.1416x50  =  157.08,  the  drciunference  of 
he  cirde  ACBE;  then  157.08  -  64  =  93.08  inches, 
he  lengdi  of  the  required  are  AEB.  (Stt  Note  2.  J 


PROBLEM  XIII. 

To  find  the  area  of  a  circle. 

ExiM.  4. 

By  MuUiplicatioiu 

Here  38.5  x  38.5  x  .002785  =:  1482.25  X  .002785 
:  4.12806625,  the  area  in  ale  galkMis ;  1482.25  x 
03399=5.038l6775»  the  area  in  wine  gallons;  1482.25 
0346  =  5.1285850,  the  area  in  ma^-tun  gallons ; 
id  1482.25  X  .000365  =  .54102125,  the  area  in  malt 
ishels. 

•     G2 


B4f  umuoMAngm  or  (past  it.) 

« 

Here  7^.6  x  78.6-^  ii£Mul2  =  6177-9S*^  204^12  = 
21XX)46,  the  not  fli  wine  gaiBoM. 


Haviiu;  fbond  78  intfaefint 
top  of  toe  page;   then   m   die 
meeCifl^  we  llinre  tljOOdO^  tlie 

Here  55.2  X  5S.lt  X  .002785  rr  28m£#  X  .Oar785 
2:7.8822184,  the  «rea  in  ale  fdoos;  and  7.^822 X 
55.7  =  281.39454,  tbeAmteatm    * 


PROBLEM  XIV. 
To  find  tk$  area  cf  the  gedoraf  m  drde^ 

Eziif.  2. 

Here  t!:^iL5=  1^9  =  ero^4e 

square  inciiee;  and  670-95  -f-  281  s  2*9045,  the  am 
in  wine  galloDfl. 

EziM.3« 

(£^ee  the  figure  in  the  Gauging.) 

Here  we  haive  given  AD=z60,  the  hjrpothemia^ 
and  DE  =  36,  one  of  the  legs  of  the  right-angled 
triangle  AED,  to  findAE,  the  oCfaor  leg.    Then  by 

Prob.V.,  PtotL,  ^60»-.ie«  s  v^860O  -  1296  = 

^2504  =3  48=:AE;  and  AC  .^  A£  0*60-48  =: 
12,  the  Tersed  dne  EC 

Again,  in  the  right-angled  DEC,  by  Prob,  IV., 
Part  J.,  we  have  ^  86"  ^  12'  :sa:  ^  1296  + 144  z=. 
^  1 440  =  37.947  =  DC;  the  choidof  half  the  arc  ;  tbon 
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by  Prob-  XIL,  Part  IV.,  we  have  ^^'^^  3  ^  "  '^^  = 

303.576  -  72       231.576  ,     ,        ,      ^  i. 
—  = — —  =  77.192,  the  length  of  the 

arc  DCB. 

T.^1      77.192x60     4631.52      ^^^^„a   *k 
^-""J*  ^ =  — s —  =^  2815.76,  the  area 

of  the  sector  ABCD,  in  square  inches;  and  2315.76 
-7-  2150.42  s  1.0768,  the  area  in  malt  bushels. 

£xiM.  4« 

n    D    u  VTT          1.  ^  ^^  X  8  —  124.8      55.4- 
By  Prob.  XII.,  we  have  -SI . = 

3  3 

124.8       429.6  ^        ^     ,        ,      «    , 

— ^  =  — r—  =  143.2,  the  length  of  the  arc ;  then 

143.2X80       11456       ^^^^    .  ^.        ^      . 

s:  — - — =  5728,  the  area  of  the  sector,  in 

■  X  2 

square  inches ;  and  5728  -r  282  =:  20.312,  the  area  in 

alegallmis;  hence  20.312  X  8.7  =  176.7144,  the  con* 

tent  in  ale  gallons. 


PROBLEM  XV. 

To  find  the  area  cf  the  segment  of  a  circle* 

RULE  L 
EziM.  2. 

Here  128  X  32  x  f  =  4096  X I  =  ^s=2730.666, 

tvro-thirds  of  the  product  of  the  chord  and  height  of 

^        ,        S2»-       32768        ,^«    ,,.         , 
the  segment ;  and  J— -^= -g^  =s  128,  the  cube 

of  the  height  divided  by  twice  the  chord;  then 
2730.666  +  128  =  2858.666,  the  area  in  square  in- 
ches ;  whence,  2858.666  -^  282  =r  10.137>  the  area  in 
ale  gallons;  and  2858.666-^231  s  12.375,  the  area 
in  wine  gallons. 

G3 


flS  Mwjnumnmm  €»r         (nsr  it«) 


+  40  =r  6fL5,  the  dbmctBr  €3>;  dm  &L^  x 
.7854  =r  S906L25  X  .7854  =5097-96975,  iquaie  indies, 
die  am  of  die  whole  dbde. 


Agnn,  GS^  —  40=  2S^,  tbe^cned  aneCE;  and 


S23x6Dxf  =1550x|s=^^=900,  two-durds 

€k  diepraaoct  €s  diediara  ma  nfijgiit  ok  die  icbudi* 

.^     •     M.5*     11390LfiZ5 

Ae  cabe  of  die  lidght  diYided  Ij  twice  die  dioid; 
li«n  900 4- 94l921  =  994u921  oqaareiiKfa%  dieaiei 
cfdie  mnoit  ABC 


Now,  9091.9^5  -  994-921  =  S078JM775,  tiie 
ct  die  mpnred  opgmfnt  ADB,  in  sqnjone  inrhw ; 
dbaifl07aO47-7- S8S  =:  7.851,  die  MCA  in  ole  galloos ; 
S078j047  -7-  281  =  a974^  die  ara»  in  wine  mDodb; 
and  2078.04775-^  2150.42  =  .964,  die  ana  m  malt 


BULBIL 

Exam.  2. 

82.0 
Hete  -^  =^,  the  qfoodent  or  tabular  lie^t; 

and  die  oonoponding  Area  S^.  is  .111828;  henoe 
.111828  X  160*  =.111828  X  25600  =  2862.6688,  tbe 
ana  of  the  tegmeat,  in  square  inch^  ;  then  28^668 
-f-  282  =  iai51,  die  area  in  ale  gallons;  and  2862.668 
-7-281  =  12^892,  the  area  in  wine  gaUcoB. 

ExAV.  3. 

40u0 

Hete,  ^  =  .64,  die  tabular  h^fat;  dien  1  -.64 

s  .96;  and  die  Arm  S^.  answerii^  to  .86,  is  .254550, 
windk  being  taken  ftom  .785898,  leaTes  .580848,  the 
^roa&jf.oaRespoodiiigto.64;  henoe  .580848  X  62*^ 
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=  .530848  X  3906.25  =  2073.625,  the  area  of  the  seg- 
ment  in  square  inches  |  then  2073.625  -^  282  =  7.353, 
the  area  in  ale  gallons;  2073.625 -^  231  =  8.976,  the 
area  in  wine  gallons;  and  2073.625-^2150.42=5 
.9642,  the  area  in  malt  bushels.    (See  Naie  2  J 


PROBLEM  XVI. 
To  find  the  area  of  an  elHpiek 

Exam*  2* 

Ale  gallons^ 
21.467  area. 

lo.a  ifeprt. 

171736 
21467 

2S1.8436  Ant. 


JELXAM*  ttj* 

Here  85.9  X  63-84-294.12  =  5480,42-  4-  294.12  a? 
18M33,  the  area  in  wme  gallons* 

Exam.  4. 

Here  96S  x  73.2  -^  2788  =  7085.76  4-  2738  = 
2.587,  the  area  in  malt  bushels;  and  2.587  X  34.7  = 
S9.7689,  the  ooiAeAt  in  mak  bushds. 

Exam.  5. 

Here  96.4  x  82.3  4-359.05  :^  7933.72  4-  359-05  = 
22.096,  the  area  in  ale  gallons;  and  22.096  X  53.8  = 
1  IS8.7648,  the  content  in  ale  gi^ons. 


tt  HKmuEAnoH  or         (pa&t  it.) 

PROBLEM  XVII. 

Tofimd  the  area  of  an  dliptieal  segment^  the  ban  qf 

K^iek  if  parattel  to  either  of  the  diameters  cf  tk 

dhpee. 

Exam.  2. 

By  Prob.  XVI.,  we  have  120.8  x  75.4  -^  294kl2  = 
9108.32  4-  294.12  =  8O.968O  wine  gallons,  the  area  of 
the  whole  ellipse. 

By  the  last  example,  the  area  of  the  segment  ACB 
is  1818.8298sqiiare  inches ;  henoe  1818.8298  -~ 231  = 
78499;  the  area  in  wine  gallons;  thoi  3O.96SO 
—  7.8499  =  23.1181  wine  galkns,  the  area  of  the  s^- 
mcnt  ADB. 

Exam.  3. 

(See  the  figure  in  the  Gauging.) 

180 
H^ie  — -  +  27  =  90  +  27  =  117  =  DG,  the 


^  of  the  s^iment;  thenll7-r  180  =  .650,  the 
tabular  height ;  and  by  Prob.  XV.,  Rule  2,  Note  2,  we 
have  1  -  .650  =  .350;  and  the  Area  Seg»  answering 
to  .350,  is  244980,  which  b^  taken  from  .785S98, 
leaves  .540418,  the  Area  Seg.  corresponding  to  ,650; 
hence  180  x  120  x  .540418  =  21^  X  .540418  = 
11673.0288  square  inches,  the  area  of  the  s^ment 
ADB  ;  and  11673.0288  -e- .2150.42  =  5.4282,  the  aret 
in  malt  bushels. 


PROBLEM  XVIII. 

Tofindthearea  of  a  parabola,  its  bate  and  height  being 

given* 

Exam.  2. 
Her.  108.6  X  S6L2  X  }  =  '^'^^,^^^ 

3981^8  X  8     7862.64      „«^o„    »». 

= =  — - —  s=  2620.88,  the  area  m  sqow 
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inches;  and  S620.88  -i-  231  =  11.5458,  the  arai  in 
wine  gaJlouB* 

PROBLEM  XIX. 
To  find  the  area  of  compound  figuree* 

Exam.  2. 

r,   ^^^T         X.       75  +  100+125      800     „^ 
By  Prob.  V.,  we  have  — •i --i- —  ——150, 

half  the  sum  of  the  sides ;  then,  150  ~  75  =  75,  the 
firstfremainder ;  150  —  100  =  50,  the  second  remaind- 
er;  150  --125  =  25,  the  third  remainder;  whence 

^150  X  75  X  50  X  25  =  ^14062500  =  8750,  the 
area  of  the  triangle  in  square  inches. 

By  Prob.  XV.,  we  have  125  X  26  X  }  =  8250x|=: 
-^  =s  2166.666,  two  thirds  of  the  product  of  the 

chord  and  vers^  sine;  and  — — ^  =  -^^^  =70.804, 

the  cube  of  the  height  divided  by  twice  the  chord ; 
then  2166.666  +  70.804  =  2286.97,  the  area  of  the 
a^pnent  in  square  inches. 

Now,  8750  +  2286.97  =  5986.97,  the  area  of  the 
whole  compound  figure;  hence  5986*97  '-f*  282  s 
S1.28,  the  area  in  ale  fallons;  and,  21.28  x  86  =: 
182.578,  the  content  in  2.e  gall(»is« 

PROBLEM  XX. 

To  find  the  arm  of  amy  eurvilineal  figUfi^  hy  meoM 

of  equidiitant  ordinates. 

Exam.  6, 

Inches. 

First  ordinate  85.2 

Last  ditto  85.3 

Sum  , 70I5 


7S  MMma%Ar«m  or  Qt AM,t  it.) 

ExAm  7. 


Sum  ••  ••••••••••••••••• ••••••••••••••«    63.2 


M..«—.«..«...»..— .  ^as 

Siztfa 68.8 

£ig^  5fl.O 

aOMXk  ••••••••••••fi»«M»****«*MB*»«**  »••••••••  239»o 


Four  times  the  sum » 9S9S 

Odd  OrdiaaieSm 

IncheSk 

Third  &tJli 

Fifth  •^ 71.0 

Seventh 68.0 

dwn  •••••«••••••••••••••••«*•••■••••••«•••••     ij^iaU 

Multiply  by  ^^ 2 

Twice  the  sum « » 892.0 

Sinn  of  the  first  iindla3t4»dtniites  ^..^m*  ^'2 

Four  limes  1^  sum  of  the  even  ecdinates  95^^ 

Twice  the  sum  of  the  odd  orcUziates    ..••»••        S^Si 

Sum  total  ,.^ 1414.4 

Multiply  by  14  (the  commw  distance)  14 

56576 
14144 

Divide  the  product  by  •••»•.•« 8)19801.6 

The  area  in  square  inches •••         6600.55 


(PABT  IV.)  SOTEEVXCIES.  7S 

The  tno  Segments. 

Inches, 

Sum  of  the  two  extreme  ordinates  ••        63.2 

Sum  of  the  heights  10 

Divide  the  product  by 3)63  24) 

Area  of  both  segments 210.66 

Area  brought  forward  6600.53 

Area  of  the  whole  figure  in  square  inches        681 1 .19 

Square  Inches, 
Divisor  282)6811.19(24.153  alegaUont. 
564 

1171 
1128 

431 
282 

1499 
1410 

S90 
746 

44 


Square  Inches. 
Divisar  231)681 1.19(29-485  fvine  gallons. 
462 

5191 
2079 

1121 
924 

1979 
1848 

1310 
1155 

155 


H 


'^^  MENSOEATION  (PAET  T.) 

Cubic  Inches. 
202262.003  cmUent 
'004iS29  multiplier, 

IS20358  027 
404524006 
60678600 9 
809048012 

875.592210987  mine  gallons. 

CuUc  InchcM. 
202262.003  conieni. 
.000465  nmUiplkr. 


1011310015 
12135720  18 
80904801 2 

94>051331 995  fnaU  bushds. 

Bjf  Division. 

Cubic  Inches. 
IXvisor  282)202262,003(717.241  ale  gallons. 
1974 
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Cubic  Inches. 
Divisor  231)202«6^.60S(875^S  minegaUons. 

1746 
1617 


1292 
1155 


1370 
1155 

2150 
2079 


713 
20 


Cubic  Inches* 
Divisor  150,42)202262.003(94.056  malt  bushels, 

193537  8 

8724  20 
860168 

1225?30 
-  1075216  ' 


■^^iV^n«"«MM 


1500200 
209948 


Exam,  3. 
Here  86.5  x  8&5  x  86.5  5=  748-25   X  B6.5  = 
647214.625^  the  content  in  cubic  inches;  and  6472H.625 
-r-  231  =.  2801.794,  the  content  of  the  vat  in  wine 
gallons. 


HS 


78  MBN8UKATI0M  (PAET  Y.) 

Exam.  4. 

(See  the  Note.) 

Gallons. 
862  conient. 
282  cubic  inches^ 


1724 
6896 
1724 

243084  content  in  cubic  inches. 


Cubic  Incheik 
248084(62.4  inches^  the  side  required. 
^16 

27084  resolvend. 

18  triple  of  6, 
108    triple  square  of  6. 

1098  divisor. 

8  cube  of  2. 
72    square  of  2  X  by  the  triple  of  6. 
216      triple  of  2  x  by  the  square  of  6. 

22828  subtrahend. 

4756000  second  resolvend. 

186  triple  of  62. 
11532    triple  square  of  62. 

115506  second  divisor. 

64  cube  of  4. 
2976    square  of  4  X  by  the  triple  of  ft. 
46128      triple  of  4  x  by  the  square  of  6S. 

46426^4  second  subtrahend. 

118876  remainder. 
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PROBLEM  IL 

To  find   the  content  of  a  veesel  in  the  form  of  a 

parallelopipedon^ 

Exam.  2. 

Inches, 
9S.8  length. 
€4.5  br^th. 


464  0 
3712 
556s 

5985.60  product. 
4  6.2  depth. 

119712  0 
3591360 
2394240 

DhUor  282)276534.72  0(980.619  ak  gallons. 
2538 

2273 
2256 


1747 
1692 

552 
282 

2700 
2533 

162 

Also,  276534.720 -r- 231  =1197.12,  the  content  in 
wine  gallons;  and  276534.720  -i-  2150.42  =s  128.595, 
the  content  in  malt  bushels. 

« 

Exam.  3. 
Here  104  x  92.4  x  38.6  ==  9609.6  x  38^5  = 
370930.56,  the  content  in  cubic  inches;  and  370930.56 
-r  231  s  1605.76,  the  content  in  wine  gallons. 


1^  •Sl^A 


9BMK  31  €a6mt  aKikei;  mA d:!CIOO  -=- eiia4& 


X4i-$  =  y7? 


PROBLEM  III. 

TijLyi  ZM  csnltmi  ^  m.  chmI  m  tktfmwi  ^  m.  prist 

ExuL  S. 


ie2  5 

dOOSS  iqaae  of  the  side^. 
,006101 

60O«5 
60025 

dSoiso 


iDalegdDons. 
57-4dfepCik  - 


1464850100 
25634876:5 
183106g6g5 

S10^05989S50  coBtait  m  ale  galloBs. 
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Also^  600.£5  X  .007448  =r  4.470663,  the  area  of  the 
base,  in  wine  gallons;  and  4.470662  x  57.4  se 
256.61599s,  the  content  in  wine  gallons. 

Likewise,  600.25  x  .000800  =  .4802,  the  area  of 
the    base,    in    malt  bushds;    and  .4802  x  57.4  = 
27.56348,  the  content  in  malt  bushels. 

Exam.  3. 

Here  32.6  x  32.6  ==  1062.76,  the  square  of  the  side; 
and  1062.76  x  .011247  =  11.95286172,  the  area  of 
the  base,  in  wine  eallons;  then  11.95286172  X  49.7 
=  594.057227484,  t£e  content  in  wine  gallons. 

EXAAT.  4« 

By  Prob. y.,  Part  IV.,  we  have  9^  + ^^^+^^9  _ 

•380 

-—  =:  190,  half  the  sum  of  the  sides,  then  190—9^ 

=  94,  the  first  remainder;  190  —  125  s=  65,  the 
second  remainder ;  and  190  -^  159  =  31,  the  third  re-* 

xnainder;  whence ^^190  X  94  X  65  x  31  =  ^/359B790O 
=  5998-991>  the  area  of  the  base,  in  inches ;  and 
3998.991  -^  282  s  21.273,  the  area  in  ale  gallons; 
hence  21.273  X  33.4  ==  710.5182,  the  content  in  ale 
gallons.  ^ 

Exam.  5. 

Here  1 12  +  9S  =.  205,  the  sum  of  the  perpen. 

,.    ,  ,  205  X  274       56170 

diculars;    and s:  — ~  =  28085,  thearea 

in  inches;  then  28085  -7-  2150.42  =  13.060,  the  area 
in  malt  bushels;  hence  13.060  x  39.4  =  514.564,  the 
content  in  malt  bushels. 

Exam.  6. 

By  the  question,  the  content  of  the  vessel  is  579.3 
winegaUons;  and  5793  X  231  =  133818.3,  the  con- 
tent  in  cubic  inches. 
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By  Fr6b.  X.,  Ftet  IV.»  we  have  24.6  X  24j6  x 
4.S28427  =  605.16  X  4i.g28427  =  2921-97088332,  tk 
area  of  the  baae^  in  indies ;  dien  1^  Note  3,  eC  ths 
Prob.  we  have  133818^  -r  2921.97088332  =  45.79: 
inches  die  depth  requirecL 


PROBLEli  IT. 

To  find  the  content  of  a  veteel  m  the  form  of 

cyUnder. 

Exam.  2. 

Inches. 

68.6  diametor. 

68.6  ditto. 

4116 
5488 
4116 

4705.96  square  of  ditto. 
74  iefHih. 

18823  84 
3294172 

Divisor  359.05)348241.04(969.895  ak  gallons. 

323145 

250960 
215430 


355304 
323145 

321590 
287240 

343500 
323145 

203550 
179525 

240S5 
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Exam.  3, 
Here,   4S.1  x  4S.1  x  57.4  =  1857,61  X  57.4  = 
10662&814;  and  106626.814  -r  2<>4.12  =  362.527, 
the  content  in  wine  gallons* 

Exam.  4, 
Here  96.8  X  96.8  x  84.6  =  6^0.04  x  84.6  = 
564285.384  ;  and  564285.384  -r  2738  s  206.094,  the 
Dcmtent  in  mak  baahek. 

£XAM.  5* 

Here  S^  x  252  x  324 = 63504  X  324  =.  20575296; 
md  ^0575296  -r  S9412  s  69956.446  wine  gallons, 
th»4ttswer  required. 


PROBLEM  V. 

To  find  the  content  of  a  vessel  in  the  form  of  a 

pyramid. 

Exam.  2. 

(See  Prob.  X«,  Peart  IV.) 
Wy  Note  4.) 

Inches, 
52.5  side. 
52.5  side. 

1050 

2625 

^756.25  S(iuareof  tiie«de. 
.0043  29  multiplieTi 

2480625 
551250 
826875 
1102500  ^ 


11.931806  25  ai^  oe  tb^  top  in  wmt  gillMs^ 

42  one  third  of  Uiej^.  deptk 

23  863612  50 
4772792^0 


JO^Jff^M  content  in  mne  gaUoni. 
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Exam.  3. 

(See  Prob.  F.,  Part  IF.) 
By  the  Rule. 

„       46  +  48  +  54       148      ^^  •   ,^,,  - . 

Here =-:: — =  ---=74,  naif  the  sum  of  the 

diree  sides;  then  74  —  46  =  28,  the  lint  remainder; 
74  —  48  s  26,  the  second  remainder;  and  74  —  54  = 

20,  the  third  remainder;  whence  ^74  X  28  x  26  x  20 

se  V^  1077440  =  1037.949.  area  of  the  base  Jn  indus; 
and  1037.949  X  25  s  25948.725,  the  content  in  cabic 
inches ;  then  25948.725+2150.42  =  12.066,  the  Gon« 
tent  in  malt  bushels. 


PROBLEM  VL 

To  find  the  content  of  a  tessel  in  the  form  of  the 
frustum  of  a  pyramid* 

ExikM.  2. 

By  Rule  II . 

Here  92  x  92  =:  8464,  the  square  of  a  side  of  the 
greater  end ;  54  X  54  s  2916,  the  square  of  a  side 
of  the  less  end ;  and  92  x  54  :=  4968,  the  product  of 
the  sides;  then  (8464  +  2916  +  4968)  x  42  =  16348 
X  42  s  686616,  the  content  in  cubic  indies.  Hence 
686616  X  .011247  =  7722.370152,  the  content  in  wine 
gallons. 

Exam.  3* 

By  Rule  IL 

Here  35  X  35  =:  1225,  the  sqtiare  of  a  side  of  tfae 

S eater  end ;  28  x  28  ^  784,  the  souare  of  a  side  of 
e  less  end ;  and  35  X  28  =r  98O,  me  product  of  the 
aides;  then  (1225  +  784  +  980)   X  94  <4-  3  =r 

12989X94  +  3  ss  280966+  3  ss  ^3655^,  the  coo- 
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tent  in  cubic  inches.  Then  93655,33  x  ,017122  = 
1603.56656026,  the  content  in  ale  gallons ;  93655.33 
X  .020902  =  1957.58370766,  the  content  in  wine 
gallons;  and  93655.33  X  .002245  =  210.25621585 
the  content  in  malt  bushels. 

PROBLEM  VII. 

To^find  the  content  of  a  vessel  in  the  form  of  a  cone. 

Exam.  Z. 

By  Rule  L 

By  Prob.  V.,  Part  I.,  we    have  \/ll2*  ~   42*= 

v/12544  -  1764  =  \/ 10780  =  103.826,  the  perpen- 
dicular depth  of  the  vessel,  one  third  of  whidi  is 
34.608  inches.  Then  84*  X  34.608  =  7056  X  34.608 
=:  2441940.480;  and  2441940.480  -f-  359.05  = 
)80.1 11 5,  the  content  in  ale  gallons. 

Exam.  3. 
By  Rule  IL 
By  Note  2,  Prob.  XIII.,  Part  IV.,  we  have  216  x 
'16  X.07958  =  4S656  X  .07958  =  3712.88448,  the  area 
f  the  top,  in  square  inches;  and  3712.88448  -=-  2150.42 
=  1.726,  the  area  of  the  top  in  malt  bushels;  then 
.726  x  32  =55.232,  the  content  in  malt  bushels.  ^ 

PROBLEM  VIIL 

To  find  the  content  of  a  vessel^  in  the  form  of  the 

frustum  of  a  cone. 

<«EXAM.  2. 
By  Rule  L 

,    Inches. 

60  top  diameter. 

4p  bottom  diameter.  .  . 

20  difference.  .  \   . 

20  ditto. 

400  square  of  the  difference. 
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Inches, 

60  top  diameter. 

40  bottom  diameter. 

2400  tbck  prodnek. 

3 

7200  three  times  tfaeir  prodact. 
400  square  of  their  difference. 

7600  sum. 
74  perpendicular  depth. 


30400 
53200 

Divim  1077.15)662400(522.118  afegfl&B*. 

538575 

238250 
215430 

22^200 
215430 

127700 
107715 

199850 
107715 

921859 
861720 

5968C^ 


Exam.  3. 
By  RuU  It. 
Here  S6  X  40  =  14f40,  the  product  of  the  dia- 
meters- and  40+181*  =  76*  =  76  X  76  =5776, 
^e  sauare  of  the  sum  of  the  tfameters;  then  (5776  - 
S^T52  =  4536  X  52  -  22W2 ;  and  225472^ 
8214  =  27-449i  the  canteat  &i  ffldt  bushels. 
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PROBLEM  IX. 

To  find  the  content  of  a  vessel^  in  the  form  of  a 

prismoicL 

Exam.  2. 

Here  42.5  X  38.4  =  1632,  the  area  of  the  bottom  ; 
and  54.6  X  42.2  =  2304.12,  the  area  of  the  top. 

Also  ^^'^  "^  ^^'^  -  ?H  =  48.55,  the  length  of 
2  9 

•  58.4  +  42.2        80.6 
the  middle  section ;  ana ~ s:  —^  =  4a3, 

the  breads  of  the  middle  section ;  then  48.55  x  40.3 
X  4  =  1956.555  X  4  =  7826.260,  four  times  the  area 
of  the  middle  section;  whence  (1632  +  2304.12  + 

7826^60)  X  ^  =  11762.380  x  9  =  105861.420,  the 

content  in  cubic  inches ;  and  105861.420  +  28^  =r 
375.395,  the  content  in  ale  gallons. 

Exam.  3. 

Here  56  x  70  =  3920,  the  area  of  the  top ;   and 
53.8  X  66  =:  3550.8  the  area  of  the  bottom. 

Also  '^^  "^  ^  =   —  =  68,  the  length  of  the 

^56  +  53.8        109.8        ^,.    ., 
middle  secUon;  and ~ =  —^  =  54.9,  tne 

breadth  of  the  middle  section ;  then  54.9  X  68  x  4 
=  3733.2  X  4  =  14932.8,  four  times  the  area  of  the 
middle  section;  whence  (3920  +  3550.8  +  14932.8) 

X    ^   =  22403.6  X  8  =  179228.8,  the  content  in 

o 
2ubic  inches;   and  179228.8  -r  215a42  =   83.345, 
the  content  in  malt  bushels. 

12 
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Exam.  4. 

^„       49.6  +  67^        116.8 

were =  —- —  =  58.4i  the  tnmsTerse 

diameter  of  the  middle  section:  and  ^7>8  +  50.4  _ 

2 
88^  , 

— T-  =  44.1^  the  coDJiigate  diameter  of  the  middle 

aecuoD. 

Now,  49.6  X  37.8  X  .7854  =  1874.88  X  .7854  = 
1472.530752,  the  area  of  the  bottom  ;  58.4  5c  44.1  x 
.7854  X  4  =  2575.44  x  -7854  X  4  ==  2022.750576 
X  4  =  8091.002304,  four  times  the  area  of  the  middle 
section;  and  67-2  x  50.4  x  .7854  =  3386.88  X 
.7854  =  2660.055552,  the  area  of  the  top;  then 
(1472.530752  +  8091.002304  +  2660.055552)  X 
46.8 
-g-  =  12223.588608  X  7.8  =  95343.9911424,  the 

content  in  cubic  inches ;  hence  95343.991  -=-  282  = 
338.099,  the  content  in  ale  gallons  ;  and  95343.991  -r 
231  =  412.744,  the  content  in  wine  gallons. 

Exam.  5. 

„       61.6  +  42.6         104.2 

Here =  -— —  =  52.1,  the  transverse 

2  2 

diameter  of  the  middle  section :  and  — '■ — i — '-  = 

'  2 

88.8 

—^  =:  44.4,  the  conjugate  diameter  of  the  middle 

section. 

Now,  61.6  X  46.2  X  .7854  =  2845.92  x  .7854  = 
2235.185568,  the  area  of  the  bottom,  52.1  X  444  x 
.7854  X  4  =  2313.24  X  .7854  X  4  =  1816.818^9^  X 
4  =  7267.274784,  four  times  the  area  of  the  middle 
section;  and  42.6  X  42.6  X  .7854  =  1814.76  X 
.7854  =  1425.312504,  the  area  of  the  top;  then 
(2235.185568  +  7267-274784    +    1425.312504)  X 
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52.6  =  10927.772856  x  52.6  =  574800.8522256; 
which  being  divided  by  6,  gives  95800.1420376,  the 
content  in  cubic  inches;  hence,  95800.142  -r-  282  = 
359.716,  the  content  in  ale  gallons;  and  95800.142 
-r  231  =;  414.719>  the  coEitmt  in  wine  gallons. 


PROBLEM  X. 

Tojind  the  content  of  a  vessel^  in  the  form  of  a  ephere 

or  globe.. 

Exam.  2. 

By  Rule  I. 

Here  Ilff^  =  ll6  x  ll6  X  1I6  =r  1560896,  the 

cube  of  the  diameter;    and  156O896    x    .5236   = 

817285.1456,   the  content   m   cubic   inches;    then 

817285.1456       ^^  ^  .      ,       „ 

—  =  2398.174,  the  content  m  ale  gallons- 

EXAM.  3. 

By  Rule  IL 

By  Multiplication* 

Here  I6.I'  =  I6.I  x  l6.t  x  16.1  =  4173.281, 
the  cube  of  the  diameter;  aud  4173.281  x  .000243 
=  1.OI4107283,  the  content  in  malt  bushels. 

By  Dtvisronv 

Here  4173.281  -^  4107  ^  l.Olff,  tfce  content  in 
malt  bushdb. 

13 
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PROBLEM  XL 

To  find  the  anUent  of  a  vess^  in  the  form  of  tke 

eepnent  of  a  sphere. 

Ezix.  2. 

By  Rule  I. 

Here24*  x  3  =  676  x  3  =  1728,  three  times  the 
square  of  the  radius  of  the  top ;  also  21*  r=  441,  the 
square  of  the  depth;  then  (1728  +  441)  X  21  X 
.5236  =  2169  X  21  X  .5236  =  45549  X  .5236  = 
23849.4564^  the  oontent  in  cubic  indies;  benoe 
23849.4564  -^  231  =:  103.244,  the  omtent  in  wine 
galloiis. 

Exam.  3. 

By  Buk  IT. 

Here  38^  =:  1444^  the  square  of  the  diameter  of  the 

base;  and  15'  =  225,  the  square  of  the  height;  also 

225 

=  75,  one  third  of  the  square  of  the  height ;  then 

(1444  +  225  +  75)  X  7-5  =  17*4  x  7.5  =  13080; 
and  13080  -^  2738  =  4.777>  the  content  in  malt 
buishels. 


PROBLEM  XIL 

To  Jmd  the  content  of  a  vessel  in  the  form  of  thf 
Jhutum  or  zone  qfa  sphere. 

Exam.  2. 

„       52«  +  S0'        2704+  900        3604        _.^ 
Here ^—  = =  —  =  1802, 

half  the  sum  of  the  squares  of  the  two  diameters ;  and 
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18*  X  f  =  324  X  f  =  -^  =  216,  two  thirds  of  the 

square  of  the  depth;  then  1802  +  216  x  18  = 
2018  X  18  =  36324.;  and  36324  -i-  294.12  =  123.500, 
the  content  in  wine  gallons. 

Exam.  3. 

„       25»  +  24*        625  +  576        1201         _  ^  ^ 
Here ^ = =  -j-  =  600.5, 

half  the  sum  of  the  squares  of  the  two  diameters;  and 

20*  X  i  =  400  =  X  f  =  ^  =  ^66S6,  two  thirds 

3 

of  the  square  of  the  altitude;  then  600.5  +  266.66  x 

20  =  867.16  X  20  =   17343.20;   and  17343.20  -r- 

2738  =  6.334,  the  content  in  malt  bushels. 


PROBLEM  XIII. 

To  find  the  content  of  a  vessel,  in  the  form  of  a  pro- 
late spheroid. 

Exam.  2. 

Here  56^  x  72.5  =  3136  X  72.5  =  227560;  and 

??I— -  =  515.345,  the  content  in  wme  gallons. 
441.18  ^ 

Exam.  3. 

Here  42*  X   48  =    1764  X   48   =  84672;  and 

84672 

■  St  20.616,  the  content  in  mah  bushels. 
4107 
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PROBLEM  XIV. 

To  find  the  content  of  a  veeeel^  in  the  form  of  ik 
middle  frustum  of  a  prolate  spheroid. 

Exam.  2* 

Middle  Diameter* 
M 

96 

a 

1 1 52  twice  the  sqiuae  oTthe  middle  diameter. 
400=20x20>thesquareoftJbeenddiametg> 

1552  sum. 
25  length. 

7760 
3104 


1077.15)38800.00(S6.020  content  in  ale  gaUons.. 
323145 

648550 
646290 


226ooa 

215430 


105700 


Exam.  2. 

Here  SSxSBx^^  1225  X  2  =  2450,  twice  the 
square  of  the  middle  diameter;  and  30  x  30  =  9^* 
the  square  of  the  end  diameter;  then  12450  +  900  X 
38  =»  3350  X  38  5=  127300 ;  hence  127300  -r  »82'^ 
zz  144.272,  the  content  in  wine  gaHcms. 
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Exam.  4. 

Here  52  x  52  x  2  =  2704  X  2  s:  5408,  twice  the 
square  of  the  middle  diameter;  and  40  X  40  =  l600, 
the  square  of  the  end  diameter;  then  5408  +  l600  X 
5S  =  7008  X  58  =  406464;  hence  406464  -J-  8214 
=  49.484,  the  content  in  malt  bushels. 


PROBLEM  XV. 

To  find  the  content  of  a  vessel^  in  the  form  of  a  para-- 

bolic  spindle* 

Exam.  2. 

Here  24  x  24  =  576,  the  square  of  the  middle 
iameter;  and  576  x  65  =  37440,  the  square  of  the 
iameter  multiplied  by  tlie  length;  then  37440  -f- 
51,48  =:  67-890,  the  content  in  wine  gallons. 

Exam.  3. 

Here  56  x  56  =  3136,  the  square  of  the  middle 
iameter;  and  3136  X  150  =  470400,  the  square  of 
le  diameter  multiplied  by  the  length ;  then  470400 
•  5133.75  =  91'628,  the  content  in  malt  bushels. 


PROBLEM  XVL 

I  find  the  content  of  a  vessel^   in  the  form  of  the 
middle  frustum  of  a  parabolic  spindle» 

Exam.  2. 

Flere  27  X  27  X  8  =  729  X  8  =  5832,  eight  times 
!  square  of  the  middle  diameter ;  22  x  22  X  3  =: 
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484  X  3  =  1452^  three  times  the  square  of  the  head 
cUameter ;  and  27  X  22  X  4  =:  594  X  4  =  2376,  foor 
tunes  the  product  of  the  two  diameters ;  thai  (5832 
+  1452  +  2376)  X  30  =  9660  X  30  =  289800; 
aod  289800  -*-  5385.79  =  53.808,  the  content  m  ale 
gallons;  and  289800  -f-  4411.76  =  65.688,  the  con- 
tent in  wine  gallons. 

Exam.  3. 

Here  25  x  25  x  8  =  625  x  8  =  5000,  eight  times 
the  square  of  the  middle  diameter ;  90  x  20  X  3  = 
400  X  3  =  1200,  three  times  the  square  of  the  top  or 
bottom  diameters ;  and  25  x  20  x  4  =  500  x  4  = 
2000,  four  times  ^e  product  of  the  two  diameteis; 
then  (5000  +  1200  +  2000)  X  27  =  8200  x  27  = 
221400 ;  and  221400  -7-  4IO69.92  =  5.390,  the  con- 
tent in  malt  bushels. 


PROBLEM  XVII. 

Tojind  the  content  qf  a  vessel^  in  the  form  qfa  pora 

bolic  conoid. 

Exam.  2. 

Here  24  x  24  =  576,  the  square  of  the  diameter  of 
the  base;  and  576  X  21  =1  12096,  the  square  of  the 
diameter  multiplied  by  half  the  altitude ;  then  l£0d6 
-rr  359.05  =  33£SS,  the  content  in  ale  gallons;  and 
12096  -f-  294.12  =  41.126,  the  content  in  wine 
gallons. 

Exam.  3. 

Here  24  x  24  =  576,  the  square  of  the  diameter  of 
the  base;  and  576  x  9  =  5184,  the  square  of  the 
diameter  of  the  base,  multiplied  by  half  the  dep^i 
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then  5184  4-  2798  =1  1.898^  the  content  in  malt 
bushels. 


PROBLEM  XVIII. 

7b  Jbnd  the  eenietd  of  a  ves^d^  in  the  form  of  the 
fruetum  of  a  parabolic  conoid. 

Exam.  2. 

Here  100  x  100  =:  lOOOO,  the  square  of  the  die- 
meter  of  the  ^eater  end;  50  X  50  =  2500,  the 
square  of  the  diameter  of  the  less  end;  and  (10000  4- 
2500)  X56=z  12500  X  56  =:  700000,  the  sum  of  the 
squares  of  the  diameters  multiplied  by  the  depth ;  then 
700000  -r-  718.1  =  974-79*,  the  content  in  ale 
gallons;  and  700000  -7-  588.24  =  II89.99O,  the  con- 
tent in  wine  gallons. 

Exam.  3. 

Here  28  X  28  =  784,  the  square  of  the  bung  dia- 
meter; 21  X  21  =  441,  the  square  of  the  head  dia- 
meter; and  (784  +  441)  X  36  :=z  1225  X  86  = 
44100,  the  sum  of  the  squares  of  the  two  diameters 
multiplied  by  the  length;  then  44100  -^  718.1  = 
61.412,  the  content  in  ale  gallona;  and  44100  ^ 
588.24  =  7^969*  the  content  in  wine  gallons. 


PROBLEM  XIX. 

To  find  the  contemt  of  a  circular  veael  whew  ite  eidee 

are  a  littie  curved* 

Exam.  2. 

Here  84  x  84  :=:  7056,  the  square  of  the  bottom, 
diameter;  81.5  x  81.5  3:  6642.25,  the  square  o£  the 
top  diameter ;  and  94  X  94  X  4  =  SBi6  X  4  =:  35S44, 
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four  timeft  the  square  of  the  middle  diameter ;  then 
(7056  +  6642,25  +  S5344)  X  52  =  49042.25  X  52 
=  2550197;  and  2550197  -i-  2154.3  =  1183.770, 
the  content  in  ale  gallons ;  and  2550197  -~  1764.72 
=  1445«100,  the  ocmtent  in  malt  bushels. 

Exam.  3. 

Hoe  30x30x2  =  900x2  =  1800,  twice  the 
square  of  tbe  head  diameter;  and  35  x  35  X  4  = 
1225  X  4»  =  4900,  four  times  the  square  of  the  bung 
diameter;  then  (1800  +  4900)  X  38  =  67OO  x  38 
=  254600;  and  254600  ~  2154.3  =  118.181,  the 
content  in  ale  gallons;  and  254600  -^  1764,72  = 
144.272,  the  content  in  wine  gallons. 


PROBLEM  XX. 

To  find  the  content  of  a  circular  vessel,  when  its  sides 
are  much  curved^  by  taking  five  diameters  at  equal 
distances  firom  each  other. 

Exam.  2.. 

Here  52«  +  46«  =  2704  +  2116  =  4820,  the 
sum  of  the  squares  of  the  top  and  bottom  diameters. 

Also,  63«  X  2  =  3969  X  2  =  7938,  twice  the 
square  of  the  middle  diameter. 

And,  58«  +  60«  X  4  =  3364  +  S600  X  4  = 
6964  X  4  =  27856,  four  times  the  sum  of  the  squares 
of  the  diameters,  taken  at  one-fourth,  and  at  uiree- 
fourths  of  the  depth. 

Then,  (4820  +  7938  +  27856)  X  60  =  406l4 
X  60  =  2436840;  and  2436840  -f-  4308.6  = 
565.575,  the  content  in  ale  gallons. 
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Exam-  3.    . 

Here  76«  +  86«  =  5776  +  7396  =  13172,  the 
sum  of  the  squares  of  the  top  and  bottom  diameters. 

Alto,  104«  X  2  ==:  10816  X  2  =  21632,  twice 
the  square  of  the  middle  diameter. 

And,  958  ^  ioo«  x  4   =   9025    +    lOOOd    x 
4  =  19025  x  4  =:  76100,  four  times  the  sum  of  the 
squares  of  the  diameters  taken  at  one^-fouctlv  and  Ht 
t&ee-fourths  of  the  depth. 

Then,  (13172  +  21632  +  .76IOO)  x  82  =  110904 
X  82  =  9094128;  and  9094128  4-  32856  = 
276.787j  the  content  of  the  vessel  in  malt.bu^els. 


a 


PROBLEM  XXI. 

To  find  the  content  of  a  circular  vessely  when  its  sides 
are  very  much  curved^  bjf  inking  a  eomjfetent  num» 

her  of  equidistavU^  parallel  sections. 

\  - 

£^AM.  2. 

BifRuk  II. 

'Diatnbters.  s  Areas. 

Inches,  Ale  gallons. 

First  93.0,.r«;r. 24.0883 

Second     IO9.5 »••••. 33.3940 

Third      120.8.. .,...40.6419 

Fourth    123.2...... 42.2729    :    »    ^ 

Fifth        124.5...,;. .«43.li597 

Sixth       117.8.......„.....;S8.648^ 

Seventh  108.4... .....v«32.7264  !     « 


=  5&S14T,  the  Ml 

X  -^  «&^$r:  X  s  =  8SLS116  x's  = 

5lLil47  +  457.26»  +  IST-C^; 

4& 


+  394S19  ^  fi!9.S585;.  AenBitf 

4r J«lf>  X  4  s  1J»5540  X  4  s  S98LSlfiO^  to 
iHBBtfeaaKflC  dIdbeciaftaaB;  ^dl  (49A19  + 
Se.:«i}  X  9  =s  103.S157  X  9  :=  80k6S14v  twice 

;  koioe  (^9.3585  + 


3  S 

s  aOBJmSB^  1km  coBtaft  in  wine 


BfRdtL 
Hoe  lOa^  X  JOM  s=  li7M56  x  J854  = 

.TSSft    =   UnCtf   X  J&H  s:  Ug9a.fiM884^  the 


(PABTY.)  99  tOLIIMU 

third  Siefeim;  ld&6<  X  .7854  s  18650^6  X  *7ftM 
s  14655.218424^  the  area  of  the  fouxth  sectioB ;  136.2« 
X  .7854  =  185^0.44  X  .7864  as  14669^15676^  the 
area  of  the  fifth  secdon;  131.8«  x  .7854  =:  17871^4 
X  .7854  =  18648.871890^  the  area  of  the  aixth  sec- 
tion; 124.£«  X  .7854  s=  154S5.64  X  -7854  = 
12115.297656,  the  area  of  the  seveath  section ;  114.8« 
X  .7854  :=:  18179^04  X  .7854  =t  10S50.»180l6, 
the  area  of  the  eigh^  section ;  and  96.8  >  X  .7854  = 
9370,24  X  .7854  Si  7859.8864^,  the  area  of  the 
niiith  or  laat  secdon. 

Then  9228.889824  +  7859.886496=  16588.276820^ 

the  sum  of  the  areas  of  the  two  end  sections ;  (11998 

.524884  4*  14655.218424  +  18648.871896  +  10850 

.818016)    X    4    =    50647.932720   X    4    =    202591 

.780660^  0amf  times  the  siun  of  i^  die  etem  sectibne  ; 

and  (18437.125856  + 14560.515576  +  12115.297656) 

X  2  t=:  40121.989088   X  ^    =   80248,878l76>  twice 

the  sum  <^  all  the  odd  sections  ;  hence  (16588.276820 

18  8 
+    20259I.7SO88O     +    80243.878176)   X     -—    = 

299428.885876  x  6.1  =  1826485.7007986,  the  con- 
tent in  cubic  inokes;  eonseqnentlf,  1826485.7007986 
-7-  282  =:  6476.8996482,  the  content  in  ale  callons ; 
1826485.7007986  -f-  281  i=t  7906^8645056^  the  con- 
tent in  wine  gall«M  ;  and  1826485.7007986  ^2150 
.42  2=   849.36281,  the  content  in  malt  bushels. 


PROBLEM  XXIL 

To  find  the  content  of  the  hoof  of  a  cylinder^  or  the 
quantity  of  liquor  contained  in  a  cylindrical  vessel^ 
placed  in  an  inclining  poiitiou* 

Exam.  2» 

Here  74.4^  =  5585.86,  the  square  of  the  diameter 

^  ^    ,               ,  58.6  +  18.2        76.8         ^^ ,  .   ,^ 
>f  the  base;  and  ^ =  '— -     at  88.4,  half 

K  i 
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the  sum  of  the  greatest  and  least  depths  of  the  liquor ; 
then  55SS.S6  X  38.4  =  212557.824;  and  212557.8^4 
-&-  294.12  =s  722.690^  the  content  in  wine  gallons. 

Exam.  S. 

Here  63.8*  =  4070.44^  the  square  of  the  diameter 

^   ,      ^             ■     28.8  -f  25.2        54         ^«  ,  ,-  , 
of  the  base;  and ^ =-~  =  27,  half  the 

2  2 

sum  of  the  greatest  and  least  depths  of  the  malt ;  then 
4070.44  X  27  =  109901.88;  and  109901,88  -f- 
2738  =  40.138,  the  content  in  malt  bushels. 

ExiH.  4. 

Here  65^  =  4225,  the  square  of  the  diameter  of 

25.8 
the  base ;  and  -^  =  12.9,  l^alf  the  greatest  deptii 

of  the  liquor;  then  4225  X  12.9  =  54502.5;  and 
54502.5  -i-  359.05  =  151.796,  the  content  in  ak 
gallons. 


PROBLEM  XXUI. 

To  find  the  content  of  a  cylindrical  ttngula  or  Aoof, 
when  its  bcue  is  less  than  a  semicircle* 

Exam.  2. 
By  Rule  1,  Problem  X7.,  Part  IV.,  we  have  SS  X 
36  X  I  =  3456  X  S  =    -^  =  2300,  two  thirds 
of  the  product  of  the  chord  and  versed  sine ;  and 

J^l—  =  ^^  =  243,  -the  cube  of  the  height 
96    X  2  192  ^ 

divided  by  twice  the  chord;  then  2300  +  243  = 

2543  square  inches,  the  area  of  the  base  of  the  hoof. 

100 
Also, 36  =  50  -  36  =s  14,  the  difference 

between  half  the  diameter  of  the  vessel  and  the  versed 


sine  of  the  bcNtf'a  Use;  imd  264S  X  14  st  ^660%, 
the  wm  of  Oie  base  iimll3|rikd  by  tbe>  said  diifeitnce. 

Again  48^  x  |  =  110592    X   |  =  ?£li?f     =, 

73728^  tYTo  tiurds  «f  the  cube  of  half  ike  diord^  md 

75728    -    S5602    =c    58126;    then  SB  126   X  ^ 

=  38126  X  3  =  114378,  the  content  in  cubic 
inches;  hence  114378  rr  231  =  49$.I42>  the  con- 
tent in  wine  gallons* 


PROBLEM  XXIV. 

To  find  the  content  of  a  cylindrical  unguloj  when  He 

base  ia  a  semicircle. 

£ZAff.  £• 

126 
Here  124  x  124  X  -g-  =  15376  x  21  =322896, 

the  contebt  in  cubic  inches ;  and  -- — —  =b  IS^JSIS, 

231 

the  content  in  wine  gallons^ 


PROBLEM  XXV. 

To  find  the  content  of  a  eyiindrical  ungula^  when  ite 
base  is  greater  than  a  semicircle. 

By  Rule  2,  PtoK  XV.,  Part  IV.,  we  have  64  -r- 
80  2=  .8,  the  tabular  height ;  thfen  by  Note  2,  of  the' 
same  Problem,  1  -  .8  =  ^  ;  and  the  Area  Seg.  answer- 
ing to  «2  is  aU82Sj  which  being  taken  from  .785398, 

£  a 
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leaves  .678575,  the  Area  Sc^.  correspondmg  to  .8 ; 
hence  .673575  x  80«  =  .673575  x  o400  =  4310.88, 
the  area  of  the  ungola'a  base,  in  square  inches. 

Also,  .64  —  40  =  24,  the  difference  between  tiie 
versed  sine  of  the  ungola's  base  and  half  the  diameter 
ofthevessd;  and  4310.88  x  24  =:  103461.12,  the 
area  of  the  base  multiplied  by  the  said  difference. 

655S6 
Agaiii,  325  X   I    =  32768  X   f   =   — ^—     = 

21845.33,  two  thirds  of  the  cube  of  half  the  c^ord; 
and  103461.12  +    21845.333  =  125306.45S;   then 

02        1 1 528193.676  ,  „^,  ^„  ^^ 

125306.453  X  ^  =  g|^ =     180128.026, 

the  content  of  die  ungula,  in  cubic  inches;  hence 
180128.026  -r  231  =  779-775,  the  content  in  wine 
gallons. 


PROBLEM  XXVI- 

To  find  the  content  of  a  p^amidical  ungula^  cr  the 
quantity  of  liquor  contained  in  a  vessel  in  the  form 
of  the  frustum  of  a  square  or  rectangular  jnpramid, 
when  it  is  placed  in  such  a  position  that  the  liquor 
just  coders  the  bottom,  and  rises  up  three  of  the  sidts 
in  an  oblique  directian,  forming  a  figure  that  is 
called  a  cuneus  or  wedge. 

Exam.  2. 

Here  30  x  2  +  S3  =  60  +  33   =    93,  twice 

the  length  of  the  base  added  to  the  length  of  the  upper 

r ,     ,.              1.       93  X  27  X  22        2511  X  22 
edge  of  the  liquor;  then g =  ^ 

~    ^^^    -.  9207,  the  content  of  the  nngoin,  ia 
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9207 

cubic  inches;  and  —--  =    39.857,  the  content  in 

^wine  gallons. 

Exam.  5. 

Here  58   x    2    4-   58    =    116    +    S8    =    154, 
twice  the  length  of  the  base  added  to  the  length  of  the 

154  V  45  V    4A 

upper  edge  of  the  liquor ;  then  ■      ^  ^  = 

o 

42 
6930  X    g^  =6930  X   7  =  48510,  the  content  of  the 

,     .        !_•      •    ,     •'"       :.   48510 
ungma  in  cubic    inches;   and  -    =     172.021, 

282 

the  content  in  ale  gallons. 


PROBLEM  XXVII. 

To  find  the  content  of  a  conical  ungula^  or  the  quan^ 
tity^of  liquor  contained  in  a  vessel  in  the  form  of 
the  frustum  of  a  cone^  when  it  stands  upqn  its  greater 
base,  and  in  such  a  position  that    the  liquor  just 
covers  the  whole  of  its  bottom* 

Exam.  2. 

Here  \^82.6  x  58.7  =  V^ 4848.62  =r  69.62,  the 
the  mean  proportional  between  the  diameters;  and 
4848.62  X  69.62  =  8S756O.9244,  the  product  of 
the  two  diameters  multiplied  by  the  mean  proportional 
between  them. 

Also,    82.6'    =    563559.976,    the    cube   of  the 

1.  ..      ji'     ^       .,563559.976-337560.9244 
bottom  diameter ;  and  ^-~ _- — Z —  == 

'82.6  —  58.7 

225999.0516 

^-^^ =  9456.027 ;  then  9*56.027   x    47.3 

X  .001133  =  447270.0771  X  .001133  =506.75699735 
wine  gallons,  the  answer  required. 


PROBLEM  £ILTIIL 


Tmjmd  ikt  tmdmi  tfm  tamkal  wmpda^  or  tte  fun- 
f^  ^Hfmar  ffiarif  m  m  vtud  in  the  form  oj 
^  m  CMW,  «&«  it  siamds  upmt  iti  ku 
m  mik  m  fmifim  Hfff  ih9  iMfrnf  p^ 
tktwtd^^iUbaUoau 

Hoe  VemnH  ^   V^isSrSSr  «    5S.55i 
HH^  nnMitianal  betipeai  the  diameten;  ana 
•80-^  Oft  X   5U53  =  1535S6.790SS,  the  product  d 
^^        -  nmk^lied  faj  dK  iiiBUi  proportiooii 


4Ui>    «LS>    =    736S6l9S7^    tlie    cube    of  the 

15358&7908g  -  75686.967  ^ 
W.8  -  4JL3 

=  S054J95;  tlMa  3054.895  X  54i6  x 

leem^sGi  x  .0009283 = 154.8379029^^ 

die  oonftcnt  TCquked. 


PIK>BL£M  XXIX. 

f-^  ^^i^ffefBBilJ^4/|igmr«aiitetiiM{maeomra/v«^ 


McInMif 

iU^wutmg  Ife  oppomU  ddes  of  the  vessd,  iiifi> 
•WifM  i&cciMMh  dupotet  iUelf  imia  a  comf(^ 

'  ikefhutma  of  a  cone,,  axdi 


Exam.  2: 

T^JmiAe^mUtdofiktJrustum. 
^  Bvie  2,  Phib.  VIIL,  we  have  40  x  30  z:zl^ 
le  pradnct  of  the  dumtCen;  and  40  -f   30l'  - 
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rO«  j=:  70  X  70  =  49dO,  the  square  of  the  sum  of 
;*iediaraeteN ;  then  (4900  -  1200)  x  20  =3700 
^  20  =  74000 ;  and  74000  •-  882.S6  =  SS.S65, 
tKie  content  in  wine  gallons: 

Tojind  th^  content,  of  the  ungula* 

By  Prob.XXVIIL,wehaveV'50  X  40  =b  VsOOO 

=  44.721,  the  mean  proportional  between  the  dia^ie- 

^ers;  and   44.721  X  2000  =  89442,  the  product  of  the 

t^o  diameters  multiplied  by  the  mean  proportional 

:>etween  them. 

Also,  405  =:  64000,  the  aibe  of  the  bottom  dia- 
meter; and  ^J^^^JSmO  _  254^   _ 

50-40  "10  ""  ^o%m.z, 
then  2544.2  x  20  x  ,001133  =r  50884  X  .001133 
=.  57.051572,  the  content  in  wine  gallons. 

Lastly   83.865  +  57-  651572  =  141.516572  wine 
gallons,  the  content  of  the  whole  compound  figure. 


PROBLEM  XXX. 

Tojind  the  quantity  of  liquor  contained  in  a  ve$iel  in 

the  form  of  the  frustum  of  a  cone,  when  it  is  placed 

on  its  greater   end,  and  such  a  position  that  the 

liquor,  covering  only  part  of  its  bottom,  forms  an 

elliptic  ungtda. 

Exam.  2. 

Here  60  -  50  =  lo,  the  difference  of  the  diame- 
40  —    10  ^o 

ters;    and   — ^ _  _    _     g^    ^j^^    quotient 

obtained  by  subtracting  the  difference  of  the  diameters 
from  the  versed  sine  of  the  base,  and  dividing  the 
remamder  by  the  less  diameter.  The  Area  Seg. 
answenng  to  this  quotent  is  .492029. 

Now,  50*  =  125000,  the  cube  of  the  less  diameter  • 
,  40  40 

'  40  —  10  ^  30  ^  ^'^^^'  ^^*  quotient  arising 
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ffom  dividiiig  the  vened  sine  of  the  baae  by  tfa*  dif« 
ference  between  the  said  versed  sine  and  the  dxfoenoe 

oftheditfneters;  and  ^Oss  =  1.154^  the  ufnan 
root  of  the  said  quotient;  tlwn  .49^029  X  1S5000  x 
1.3SS  X  1,154  =  61503.625  X  l-SSS  X  1.154  = 
81984.3SS125  X  1.154  :=i  94609-919^7225^  the  hn 
served  produet 

Again,   6o'  s  2l600O,  the  cube  ^  the  bottsia 
40 

dimeter;  tul  ^  =  .66ft  tte  ^potieat  of  Ae  vmed 

sine  of  the  base  divided  hy  the  bottom  diameter.  The 
area  segment  answering  to  this  quotent  is  .555597; 
theft  .555^7  X  216000  =r  120008.952,  the  fKrodact 
arising  from  multiplying  the  last  Area  Seg;  by|  the 
cube  of  the  bottom  (Slameter. 

Now,  120008.952  -  94609-919  =  25S9ft035,  tk 

dilFerente  between  the  last  product  and  the  resarrei 

54 
product;  also  --    ^z    18,  one-third   of  the  parpen- 

dicular  height  of  the  ungula;    then  25890.038   X 

18        457182.594         ^^^,o«^^^    *i.         ^     ^  ^  *i. 
--  =  —  ss  457I8.2594,  the  content  of  the 

457I8  259 
ungula,  in  cubic  inches ;  and  — ^^ —   =  197«914» 

the  content  in  wine  gallons. 


PROBLEM  XXXI. 

To  find  the  quaniiiy  0/  liquor ^  eoniained  m  a  vtud 

in  the  form  of  the  frustum  of  a  cone^  when  it  u 

placed  on  its  less  end^  and  in  such  a  paeiti4m  tkt 

the  liquor  y  covering  oaidy  part  of  He  boitom^  form 

an  elliptic  ungula* 

Exam*  2. 

„        110    -  80  +   S6  30+36  « 

xlere    ■.   ■■  >—..■ .        zsl        ■  ■    ^^    — 

"*^  no  110  no 
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s  S.  Tbe  Aeeft  Seg.  answonng  to  tbe  qvotient  is 
I9t0«9;  and  .492(»9  X  110»  =  .492029  X  15S1000 
=  654690^99,  iiyt  fir#t  numb^. 

A161878625  =.40234,  tbe  second  number. 

36 
AguDy  ^  sz  .45.    The  Area  Seg.  answeiiBg  to 

lis  quotient  is  .342782;  and  .342782  x  80'  =: 
14^782  X  51200a  9fi  l15SQ4^Mi,  tbf  tfail4  niun« 
er. 

42  42 

Again,  ^^.  .^-^  =  g5  =  '4«666a  tbe  fbnutb  nwi- 

er. 

Now,  654890.599  X  .40234  =  263488.68360166, 
te  product  of  the  first  and  second  numbers;  then 
263488.68360166  -  175504.384)  X  .4666  =: 
^984.29960166  X  .4866  ss  41053.471996334556, 
le  content  of  the  unguis,  in  cubic    inches;    and 

■  ggg  '■    53  145.579,  th^  oontenl  in  tie  gaUfinn. 


PROBLEM  3(XXII. 

^find  the  quantity  cfli^pwr^  cpmtained  in  a  vessel  in 
ike  form  of  thffittHum  of  a  conett  when,  it  is  plt^eed 
on  its  greater  end^  and  in  such  <l  position  that  the 
liquor^  covering  only  fart  of  its  bottom^  form$  a 
parabolic  tmgula. 

Exam.  2. 

Here  100  —  74  =  26,  the  versed  sine  of  the 

^26  '       » 

se  of  file  Nni^la ;  and  ~  s  .26,    The  Aren  Seg. 

iiVKf 


108  m^mirEATKiir  (fa&t  ^.) 

woKwemg  to  tbis  mmdent  is  .162263 ;  then  .l6226S 
X   10a<  =  .162203  X  10000  =   1628.63^  fhft  aiCft 

of  thebaseof  meimgiila;  and  ^ = 

— 7—  s  6240L8S4  the  reserved  qootieiiL 

Again,    v^26  x    74   x    7*  X   J   =    v/l^    x 

34  5 
Then  (6240834  -  4327.316)  X  --^  =  1913^ 

X   11.5   =  22000.282^  the  content  of  the  ungnla,  in 

...   1^^           J  22000.282         ^^^^     ^ 
cttbic  mdies ;  and —  =  95.239^  the  ccmteDt 

231 

in  wine  gallons. 


PROBLfiM  XXXIIL 

To  find  the  quaniity  of  liquor  contained  in  a  vessel  in 
the  form  of  the  frustum  of  a  cone,  lohen  it  is  placed 
vpon  its  greater  end^  and  in  such  a  position  that  the 
liquor^  covering  onUf'peM4  ef  its  bottom^  forms  a 
hyperbolic  ungula. 

£xAlc.  2. 

CJLCVLATION. 

To  find  the  transverse  and  conjugate  diameters  cf  tki 

hf/perbolic  section* 

Here  64  x  60  =  3840,  the  reserved  product^  and 

96  -   (60  +  30)  =  96  -  90  =  6;  then  ^^  = 

640,  the  transverse  diameter. 

Again,  %^86  -r  6  ^  <^5',:=z  2.236;    smd  2SS6 
X  60  =   134.16,  the  conjugate  diameter» 
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To  find  the  area  of  the  hyperbolic  $ection. 

_Herejl^640  x  64  +  64g"xT  ^_  gl   V'ioiggQ 
+  4096  X  y  =  gl  V4096O  +it&k90  4.7   —  21 

v^40960+  292.5714  =:  «1  V' 41£52;;57r4  =203.11 
=  21  =    4265.31. 


Again,  (4  •SJolT  6*   +   4265.81)   4-    75    = 

(4  v/40960  +  4265.31)  -r  75  =  (4  X  202.385  + 
*265.S1)  -r  75  =s(809.54  +  4265.31)  ^  75  = 
5074.85   -i-   75    =   67.664. 

j      ,     134.16  X  64  X  4   ^>j^^^        8586.24x4 
Lastly, g__  X  67.664  =  —^^— 

<  67.664  =  ^^^—  X  67.664  sp  53.664  x  67.664 

=  3631.120896,  the  area  of  the  section. 

To  find  the  area  of  the  circular  segment  of  the  base. 

30 
Here   -^  =  .3125,  the  tabular  height    The  j^rea 

'eg.  answering  to  this  quotient,  is  .20969;  then 
0969  X  96^  =  .20969  X  9216  =  1932.50304, 
le  area  4>f  th/e  liaae. 

To  find  the  content  «f  the  hyperbolic  wngtda. 
63-1-3  21 

Here   ^   ^   ^    =  -^  =  .5833,  the  first  num- 

r. 

Again,  1932.50304  x  9^  :=i  l^5520.29i;54,  the 
:ond  number. 

^      .         60  X  30  -^^  ,«^o«/.  1800 

Again,     — g- —   X    3631.120896  =    -gj-     x 

31.120896  =  28.125  X  3«31.1«0896  =  102125.2752, 
I  third  number. 

Then,  (185590.^184  -  102125.2752)  x 
38  =  «3995.01«64  X  .5833  =  48644.3 13206l  12,  the 
itent  in  cubic  inches ;  and  48644.81)3^  -r-  ^982  1== 
S.497>5,  the  content  in  ale  gallons. 
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MISCELLANEOUS  EXAMPLES 

IN  THE 

MENSURATION 

OF 

SUPERFICIES  AND  SOLIDS, 

APPLIED   TO 

GAUGING. 


Exam.  1. 

Bv  Problem  I.,    Part  I.,  Square  Root,    we  have 

V%\    X    64    =    ^5184  =s   72  inches,   the  depth 
required. 

Exam.  2. 

_  * 

By  Prob.  XL,  Part  L,  we  have    v^  59536  =244 
inches,  the  side  of  the  square  required. 

£XAM^  3. 

By  Prob.  III.,  Part  I,,  we  have  6432  ^  .7854  = 

8189.457601;  and  i^  81 89*457601  s  90.495  inches, 
the  diaineter  required' 
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Exam.  4. 


By  Prob.  IV.,   Part  I.,  we  have   v/782    +   112^ 

^rV'eoS*   +   12544  =    V'isfigS  =  136.484  inches. 
the  diagonal  required. 

Exam.  5. 

Here  a  perpendicular  dravn  from  the  middle  of  the 
given  diagonal  of  the  opposite  angle,  will  be  equal  to 
half  the  said  diagonal;  consequently,  we  have  the  base 
and  perpendicular  of  an  isosceles  right-angled  triangle 
given,  to  find  the  h3rpothenuse,  as  in  the  last  Example; 

hence  \/5^^+~57^«   =    ^3306.25  :^    SS06!25 
^   ^6612.50   =:   81.317  inches,  the  side  reqm'red. 

Exam.  6. 


By  Prob.  V.,  Part  L^  we  havfe  Vu5^   -  ll6«    = 

v^21025     —    13456    =     V^75^  =  87  inches,  the 
breadth  required. 

ExaM.  7. 

* 

By  Prob.  VI.,  Part  I.,  we  have         "t    ^^    =    -^ 

=    31.5,  half  the  sum  of  the  diameters ;  then>/31.5^ 

+    22.5«  =:  \^  992.25  +  506.25    =     \/ 1498.50    == 
38.71  inches,  the  diagonal  required. 

ifjXAM.   8* 

By  Prob.  VII.,  Part  I.,  We  h.ve  ^J±±^^  ^  ^ 
^  .  .  2  2 

=    34.15,  half  the  sum  of  the  diameters;    then  2 

V40.38   -IJkilg  =    2  ^^1624.09    -    1166.2225 

=  2  \/ 457.8675  =j  21.39  X  2  =£  42.78  inches^  the 
length  required. 

L  2 
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Exam*  9- 
By  Probhm  L,  Part  I.,    Cube    Boot,   we    hive 

S 8  

side  required. 

Exam,  10. 

SyFinOk  II.,  Jhrft  I.,  w^  have  i/f 25»  >c  5  \/ 1955125 

0 

X    5  s  V^97656S5  rs  1I1&74  ladKs,  tfae  lerigtil  (f 
thereqMired  veMd. 

Again,  V'sft*  x  5  -=  V^6»6(556  x  *2:S^51SW»0 
=  l4t7M^  inches,  the  braatitk  of  llie  voqu»e«(  ftMei^ 

Lastly,  V^fi25  x  5  =  \/2S8828  x  5  =r  V 1191640 
=  106.01  inches,  the  depth  rfUie  required  vessel 

Kx4»,  21. 

J 

By  Problem  II.,  Part  I.,  we  have  i/«54»  -^  5  s» 
'  ___  » 

/ 16887064    -^    S  «  v'546»S54,6e6666  =  176.11 
indies,  the  depth  of  the  required  vessel. 

*     -  »       .  .  _ 

Also,  \/lll^«     ^    S    =     \/l404928     -^    5    =: 

\/4§8809.883S3S  =  77.6^indi&,liiBdiaixi«ter0ftlie 
required  vessel. 

Exam.  It. 

By  Prob.  III.,  Part  I.,  atf  1*1500  :  75'  ::  5»500 

3  ^ 

:  1955125,  the^  eube  of  the  Ici^th;  and  V^  1959125 
sz  125  inchcai,  the  length  of  the  required  vessel. 

Ag^,  121500  :  45s  ;:  562500    :    481*75i  the 

eubeeTtiiebreadfk;  aild  i/4«1875  a  75iitcbe#,de 
breadth  of  tfie  required  vessel. 


^ 
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Lsa^y,  asl2li;06  :  S6^-   ::    562500    f*  216000, 

the  cube  of  the  depth  i  and  V216000  =;  60  inches, 
the  depth  of  the  required  vessel.  * 

Exam.  ] 3. 

.  -»      .    • 

By  Prob.  I.,  Part  IV.,  we  have  62.8  x  651.S  == 
3943.84,  the  area  in  square  inches  :  and  -^ — '- —  = 
IS.98I,  the  area  in  ale  gallons. 

•  .  •  < 

Exam.  14. 
By  prob.  IL,  Part  IV.,  we  have  115.3   X  86.4  = 
9961.92,    the  area  in    square   inches ;    ^ — —    = 
43.125,  the  area  in  wine  gnUonsL 

•    ExiCM..  T5.  -.  *  ' 

',  .  _  _ .  ' 

By  Profe  III.,  Part  IV.,  we  have  84.6  x    63,4  = 

5363,64f,  the  area  in  square  inches  ^  ^d    -^ —  = 

^  2150.42 

2.494,  the  area  in  malt  bushels. 

•   Exam.  J 6. 

By  Prob.  IV.,  Part  IVi,  we  have   123.6  x   4;2.85 

^    ^       ,.  .  '  .     ,-  J  5296.260 

=  5296.260,  the  area  in  square  inches ;  and .  — 

s=f  18.781,  the  area  in  ale  gallons.    - 

Exam.  17. 
By  Prob.  v..  Part  1V„  we  Lave  ^6  4  68jf_7g  _ 

—  =  101.5,  half  the  sum  of  the  sides;   then  101.5 
2  : 

^    56  ==  45.5  the  first  remainder ;  101.5  -<-    68  r;^ 

L  3 
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33»£  the  seocmcl  venamder ;  and  101^  —  79  sb  215 
the  third  remainder  ;  whence  v  101.5  x  45^  x  3^ 
X  !»r.5  ±±  i/ SiSiaOS^srS  t=f  Id65.r4£,  the  am  in 

square  mches;  and  -^^j-  =  8.076,  the  area  ib 

winegaUona. 

Exam.  18. 

By  Prob.  VI.,  Part  IV.,  we  have  63.8  -f  56.4  x 

138.6  =  120.2  X   138.6  =  16659-72 ;  and  ^55^ 

2 

=  8889.86,  thetteainsqum  inches;  then  |^* 
s:  3.^9,  Ae  areft  ix»  malt  buahels. 


By  Prob.  VIT.,  Part  IV.,  war  Have  98  +  124  x  136 
s=  222  X  136  =  30192 ;  and  30192  4-  2  =  15096) 
the  area  hi  icpia^  mdiesf  then  15096  •>}«  iSSf  = 
53.531,  the  avea  in  ale  gj^llons. 

Bxah.  20. 
(See  Problems  F.  and  FIIL,  Part  IF.) 

Here  ^       "^    2    "  '^''' 

sum  rf  the  tides ;  then  197  —  1^2  =:  75,  the  first 
remainder;  197  —  104  st  93,.tiiarseoeild]»iBiMer; 
and  197  -^  l68  =  29,  the  third  remainder ;  whence 
-•197  X  75  X  93  X  29^5^39848175  =  6312.541 
inches,  the  area  eC  the  first  triangle. 

A^om  1^8  +  U4  +  112    ^S94  _  ^ 

Again, 1 s—  =5   197,  i»« 

the  sum  of  the  sides;  then  197  —  l6jB  =  29,  the 
first    remaeinder;     19T    ^    U^    stf  S^  the  mxad 
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remainder;  and  197-^112  =g;.85,  the  tUrdremain^ 

der ;  whence \/l97  x  29  X  83  x  85  =  ^/ 40305215  = 
634$j6S8  hiehe«^  the  dre*  ^  tke  aeoend  tiiaiigle. 

.,       114  +  87  +  9«       493       ,^^^   .   ir  .u 
Also,  — ^ — • ' =  -—  =  140.5,  half  the 

2  :  f 

Mim  of  the  sides;  then  146.5  —  114  =  3245, the 
first  remainder ;  1 46.5  —  87  =  Sd*  5,  the  second  remain- 
der;  146L5    ^    S^   =^    4^^i   ^g   tMfd  femfahfder; 

irhcnce  \/l46.5x  32!5.x59i  J<  54.5=  \/ 154395434175 
=s  3929.3 18  indies,  the  area  of  the  third  triangle; 
hence  we  have  6312.541  -f  6348ii38  +  3929318  = 
l65Sfa4g7    ttjUafe   hitiket,    the   sbrea   6t  the   whole 

-^_     16590.497  rrn.n        ^l^  U 

Then,    ^    '^\'     =s    7»715,    the    area    m    malt 
2150.42 

btfdhd^;  and  77^5  X  ft4^  =  491576'  the  dentent  in 

malt  bushels. 

Exam.  21. 
By  Prob-  IX.,  Part  I  V„  we  have  52.6  x  8  x  63.7 
=:  26804.96,  and  ^^^    *  =  13402.48,  the  area  in 

sqjuare  inches;  anJ  13402.48  -^  231  =  58.019,  the 
area  in  wine  gallons; then,  58.019  x  84.3  =  4891.0017, 

the  content  in  wine  gallons. 

« 

Exam.  22. 

By  Prob.  X.,  Part  IV.,  we  htt?e  876  x  87.6  x 
.oaigil  t»  7«7*7»  X  .0*1921  as  r6a2l64^, 
the  area  in  ale  gallons. 

By  Peak  XIir.y  ¥iit  IV.y  wd  have  Sl20»4  x  99^4'^ 
559U>5  sr  M256.96  ^  350105  :i:ii  142.757,  the  a^a 
cxf  the  base  ki  1^  gaaotu-;  and  Ii2.757  ;<  2!^.^  fe 
36945.5116,  the  content  in  ale  gallons. 
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!Exam.  24. 

(See  the  Figure  in  Problem  XI F.^  Part  IF.,  of  the 

.  Gauging.)     . 

By  the  question,  AD  =;  52,  and  D£  =  43  ;  then 

by  Prob.  V.>  Part  I.,  we  have    v^52^   -    43«  = 

\/2704  —  1849  =  ^^855  =  29-24  =  AE;  and 
AC  —  AE  =  52  -  29.24  =  22.76,  the  versed  sine 
EC. 

t  •        . — 

Again,  by  Prob.  IV.,  fart  I.„  we  have  v  43«  +  titl^^ 

=  Vl849  +  518.0176  =  \/ 2367.0 176  =  .48.663 
s:  DC,  the  chord  of  half  the  arc. 

Again,  •  by    Prob.     XIL,  Part    IV.,    we    ha« 
48.653  X   S  "  S6  _    389.224  >-  86     _    SOS^ 

3  ■"  3  ■"         3 

=  101.0746,  the  length  of  the  arc  DCB. 

Lastly,    by  Problem    XIV.,  Part  IV.,    we  kve 

101.0746  X   52        5255'.«792  ^^^      ^^     . 
^ =  j-^     =s  .  2627.9396,    the 

area  of  the  sector  ABCD,  in  square  inches;  and 
2627.9396  -r  2^1  =  niS763,  the  area  in  wine 
gallons. 

Exam.  25. 
By  Prob.  XV.,  Part  IV.,  we  have  92  x  38  x  |  = 
3496  K   f  =  -^  «  £830^,  tWQ^thirds  of  thepw- 

duct  of  the  chord  and  versed  sine,  or  height  of  the 

,      38'  54872  ,       1^ 

segment;  and «  _^.=  298.2 IT,  the  cube 

92   X    2  184 

of  the  height  divided  by  twite  th«  chord,  then  23S0.^ 
4*  ^8.217  =  2628.817^  the^ar^  in  square  inches  ^ 
und  2628.817  -r  282=:  9,522,  the  area  in  tk  p^ 
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Ions ;  whence  9.S22  x   6.4  =:    59,6608,  the  content 
in  ale  gdlons. 

Exam.  26. 

By  Prob.  XVI.,  Part  IV.,  we  have  125.4  x  82.8 
^  2738  ±s  10383.12  -^  2738  =  3.792,  the  area  in 
malt  bushek. 

Exam.  27. 

ByPfob.XVlI.,PartlV.,wehave?i:i  =  416^1^ 

tb^  tabukif  he%ht ;  and  the  correspondmr  Area  Seg^ 
is  .309125;  then  .309125  x  6s.6  X  52.4  ^ 
1062.59864,  the  area  of  the  segment  in  square  inches  : 

,     1062.59864         '   ^«         , 
and     — ~  —  =  S.768()Bi  the  area  m  ale  gallons. 

Exam.  28* 

By  iVob.  XVfll^  Fart  IV^  we  have  9».6  x  75.4  x 
^   ^  98.6  X   75.4  X  2:       74S4.44  X  i       14868.86 

^  3  a  ""3 

as  4956.293^  the  area  in  square  inches  ;  and  4956.293 
•!«  231  ss  21.455,  the  Ibr^a  in  win^  griloftf. 

£XAtf.  2fr. 

By  Prob.  IV.,  Part  l,  we  have  V^80»  +  60«    = 

V^6400  -|r  3600  a  \/ 10000  a  100  inches,  the 
hypotteiHise  ^  ehdi^  <^  tlMf  s«f  <n6lft 

Thar,  by  FW).  V.,  Part  IV.^  we  bave  ?i-J.  —    « 

-— -  =r  2400,  the  area  of  the  triangle  in  square 
/inches. 

Ajaift,  by  Prob.  XV.,  Rule  L,  Part  IV.,  we  have 
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100  X  25  X   f  =  2500  X    f  =  ^  =  1666.666, 

two-thirds  of  the  product  of  the  chord  and  versed  sine, 

,    .  ,       ^  ,  J        25'  15(52- 

or  heiirht  of  the  seinnent:  and   =      -rzr 

^  ^         '  100  X    2  200 

=  78.125,  the  cube  of  the  height  divided  by  twia 

thediord;  then  1666.666  f  78.125  =  1744.791  the 

area  of  the  segment  in  square  inches. 

Now,  2240  +  1744.791  =  3984-791,  the  area  of 
the  cooler  in  square  inches,  ^nd  3984.791  -r  282  = 
14.13,  the  area  in  ale  gallons;  -whence  14.13  x  9-^ 
=s  132.822,  the  content  in  ale  gallons.  (See  fd. 
XIX.,  Partir.) 

Exam.  30. 

By  Prob.  XX.,  Part  IV.,  we  have  49.5  +  4Si)= 
99.1,  the  sum  of  the  first  and  last  ordinates;  (51.4  \ 
52.6  +  52.7  +  51.5)  X  4  =  208.2  X  4  =  852.B, 
four  times  the  sum  of  the  even  ordinates ;  (52i  + 
53.2  +  52.3)  X  8  ==  157.7  X  ^  =  315.4,  twice 
the  sum  of  the  odd  ordinates ;  and  97.6  -r  3  :=  I^-^^ 
the  common  distance  of  the  ordinates  ;  then,  {^>\  + 

,       12,2  12.2       \mi^ 

832.8  +  315.4)  X  -^  =  1247.3  X  -4"  =  — T" 

=  5072.353,  the  area  in  square  inches;  hoic^ 
5072.353  ~  231  =5:  «1.958,  the  area  in  wine 
gallons. 

Exam.  31. 

By  Prob.  I.,  Part  V.,  we  have  64.3  x  64.3  X  ^^ 
=  4134.49  X  64,3  =  265347.707,  the  content  IE 
cubic  inches ;  hence  265847-707  ^  282  =  9^-1^' 
the  content  in  ale  gallons ;  and  265847-707  -r  231  s 
1150.855,  the  content  in  wine  gallons. 

Exam.  32. 

By  Prob.  IL,  Part  V.,  we  have  145  x  96  X  W  = 
13920  X  84  ==  II6928O,  the  content  in  cubic  inchej; 
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itidliGszSQ  -7-  282  =  4146.582,  Uie  content  in  tAe 

gallons. 

Exam.  33. 

« 

By  Prob.  X.,  Part  IV.,  we  have  86.4  x  86.4  X  .001689 
=  7464.96  X  .001689  =  12.60831744,  the  area  of 
he  base  in  malt  bushels ;  and  by  Prob.  III.,  Part  V., 
'2.608317U  X  73.6  =  987.972163584,  the  content  in 
nalt  bashels. 

Exam.  34. 

By  Prob.  V.,  Part  I.,  we  have  95^  -  76^  =  9025 
-  5776  =  3249,  the  square  of  the  diameter  of  the 
ase ;  then  by  Prob.  IV.,  Part  V.,  3249  X  76  -r  359.05 
=  246924  H-  359.05  =  687.714,  the  content  in  ale 

aliens. 

Exam.  35, 

By  Prob.  X.,  Part  IV.,  we  have  53.8  x  53.8  x 
01875  =  2894.44  X  .001875  =  5.42707500,  the 
ea  of  the  top  in  wine  gallons ;  and  by  Note  4,  Prob. 
.,  Part  v.,  5.42707500  X  20.8  =  112.883,  the  content 

wine  gallons. 

Exam.  36. 

* 

By  Rale  II.,  Prob.  VI.,  Part  V.,  we  have  45.7  X  45.7 
2O88.49,  the  square  of  a  side  of  the  greater  end ; 
.3  X  ^^'3  =  1176.49,  the  square  of  a  side  of  the 
s  end;  and  45.7  X  34»3  =  1567-51,  the  product 
the  sides;  then  (2088.49  +  1176.49  +  1567.51) 
22.«  =  4832.49  X  22.8  =  110180.772,  the  con- 
it  in  cubic  inches.  Hence  110180.772  X  ,0008  = 
.14^176,  the  content  in  malt  bushels. 

Exam.  37. 

By  Prob.  V.,  Part  I.,  we  have  2  \^85«  -  75«    = 

"^7^25    —   5625  =r  2  y'TeOO    =  40  k    2   =±  60, 
I  diameter  of  the  top;  then  by  Rule  I.,  Prob.  Vlt., 
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Pwt  V„  (aO  X    aO  X  25)  -t-   5f*05   =s  160000  -r 

359.05  =r  445.62,  the  content  in  ale  gallons. 

Exam.  38. 

By  Rule  I.,  Pwh.  VIIL,  Part  V.,  we  have  126,8  % 

158.6  K  3  s=  20031.18  X  3  =;:  60093Ju4,  thm 
times  the  product  of  tk^  dianieter. 

Also  158.6  -  126.3  =  32,3,  the  difference  of  tbe 
diameters;  and  32.3  x  32.3  =  1043.29,  the  squaii 
of  the  difference;    then  (60093.54  +  1043.29)  x 

132.7  =  6il36.83  X  132.7  ;;:  8112857,341  ;  ind 
8n2«4J7.341  -r  882.»6  w:  919*.398,  tfce  content  in 
ifi^ifie  galloQip. 

Exam.  39- 

By  Prob,  IX,,  Part  V.,  we  have  82.4  x  42.6  = 
3510.24,  the  area  of  the  bottom;  and  104.2  x  54.8  = 
571 0.16,  the  «i«a  of  the  top. 

Also    -^ ^ =s:  —^   =5=  93.S,  the  length 

-,  42.6  +  54.8         97.4 
of  the  middle  section ;  and =  -—  = 

48.7,  the  breadth  of  the  middle  section ;  then  93.3  X 
48,7  X  4  a=  4543,71  X  4  =:  18174,84,  four  ti»es 
the  area  of  the  xniddje  section ;  whence  (31510.24  + 

5710,16  +  18174.84)   X  -—  =  27395.24  X  !»: 

r:  512290.988,  the  contetit  in  cubic  indies ;  asd 
512990,988  -^  3150.42  :=:  238.2^8,  the  oonttdt  vi 
malt  bufihek. 

Exam.  40. 

99.2  4-   134^4 
By  Prob,  IX.,  Part  V„  we  have -^ = 

^^  =  11^.6,  the  tmwmse  diameter  of  the  ttitUe 
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,   75.6  +  100,8  _  176.4.  _    -..  ^    ..  ^ 
section;  and =  — —  5:   06.2,  tne 

conjugate  diameter  of  the  middle  section. 

Now  99.2  X  75.6  X  .7854  =  7499.52  X  .7854 
^  5890.123008,  the  area  of  the  bottom;  11 6.8  X 
88.2  X  .7854  X  4  =i  10301,76  X  .7854  X  4  = 
8O9I  .002304  X  4  =:  32364.009216^  four  times  the 
area  o£  the  middle  'section;  and  134.4  X  100.8  x 
7854  =  13547.52  X  .7854  =  10640,222208,  the 
area  of  the  top;  then  <5890. 123008  +  32364.009216 

+  10646.222208)  x    ^    =  48894.354432  X  15.6 

=t  762751.9291392,  the  content  in  cubic  inches; 
hence  762751.929  -r  282  c=  2704.794,  the  content 
in  ale  gidlons. 

Exam.  41. 

By  Rule  II.,  Prob.  X.,  Part  V.,  we  have  52.4  x 
52.4  X  52,4  X   .00227  =  27*5.76  X  52.4  X  .00227 
=  143877,824  x  .00227  5:  326.60266048,  the  con- 
tent in  Vine  gallons. 

£xA.M.  42* 

By  Rule  L,  Prob.  XL,  Part  V., wehave  17.8  x  178 
X  3  =  316.84  X  3  ==  ^950.52,  three  times  the 
square*of  half  the  top  diameter;  also  15.8  x  15.8  =r 
249.64,  the  square  of  the  depth ;  then  (950.i52  + 
249.64)  X  i5,S  X  .5236  =  1200.16  X  15,8  X 
,5236  =  18962.528  X  .5236  =  9928.77^608,  the 
content  in  cubic  inches ;  hence  9928.779  -r-  282  =i: 
35.208,  the  content  in  ale  gallons. 

Exam.  43. 

By  Rule  II.,  Prob,  XL,  Part  V.,  we  have  53,8  x  53^8 
=  2894.44,  the  square  of  the  diameter  ef  the  base  ; 
attd   32.7     X    32,7    =    1'069«29,  the  square  of  the 

depth;  also  — |—    =    356,43,    ohe«third    of  the 

M 
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•qfuovcftbe  depth;  then  (2894.44  +  106^^  + 
356.43)  X  16.35  t=  4320.16  X  16.35  =  706S4.6l6; 
jmd  70634.616  -^  1^4.19  ar  d4ai55,  the  OMMfc  n 
wine  galkm. 

ExiJi.  44. 

By  Prob.  XII.,  P«t  V.,  we  hm^  '^^'  "^  ^f  = 

5134  +  7056  12240        ^^^^  ,   ^    .  . 

=    — --    =:  6120,  half  the  sam  « 

2  2 

the  equares  of  the   two  diameters;   and  6b«  X  } 

=  3600  X  f  =   — -  =  ^400,  two-thvds  of  Ae 

aquare  of  the  depth ;  then  (6l20  +  2400)  X  60  = 
S520  X  60  =  511200;  and  511200  -f-  2738  =: 
186.705,  the  content  in  injJt  biiahds. 

EXAU.  45. 

By  Prob  XIII.»  Part  V.,  we  have  82  X  82  x  96  =: 
6724  X  96  ==  645504;  and  645504  -^  538.58  = 
1 198.529,  the  content  in  ale  galkms. 

ExAV.  4& 

By  the  Remaik  at  the  end  of  Pit>b.  XIIL,  Part  V., 
we  have  (40  X  40  x  ZS)  -^  Ul.U  =  (I6b0  x  28) 
•4-  441.18  =  44800  -^  441.18  =  101.545,  thecon* 
tent  in  wine  gallons. 

£xAtt.  47* 

By  Prbb.XIV.,  Part  V.,  wehave48  x  48  x  2  =r2504 
y  2  s=  4&)8,  twice  the  square  of  the  middUedittneler, 
40  X  40  as  1600,  the  square  of  the  end  dimeter; 
moA  4608  4.  1600  X  50  =5  6208  X  50  =:  310100; 
hence  310400  -^  1077.15  zs  288wl67»  the  content  is 
iJe  gallons. 
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EXAV.  48. 

By  the  Remark  at  the  end  of  Prok  XIV.,  ,Pairt  V.^, 
we  have  72  X  72  X  2  =  5184  x  2  =  10S68, 
twice  the  square  of  the  greater  diameter;  and  54  x  54 
=  29l6f  the  square  of  the  less  diameter;  then  10368 
+  29t6  X  80  =:  13284  x  80  s  1062720 ;  hence 
106^720  -f-  882.36  =  1204.406>  the  eont^t  in  ivine 
gallons.  ' 

Exam.  49* 

By  Prob.  XV.,  Part  V.,  we  have  50  x  50  x  80  =s 
2500  X.  80  =  200000,  the  square  of  the  middle  dia- 
meter, multiplied  by  the  length;  dlOD  2000€0  ^ 
673.22  r^  297.07d>  thv  content  in  ak  gallons. 

ExiM.  50. 

By  Frob.  XVL,  Part  V.,  we  have  50  x  50  x  8  s= 
2500  X  8  S3  20000,  eight  times  the  square  of  tb# 
middle  diameter;  40  x  40  x  3  :=  1600  X  3  =; 
4800,  three  times  the  square  of  the  end  diameter ;  and 
50  X  40  X  4  =  20Q0  X  ^  ^  8000,  four  times  the 
product  of  the  diameters;  then  (20000  +  4800  -f- 
8000)  X  54  =:  32800  X  54  ::;:.  1.77X20O;  and 
1771SOO  -£-  4412.8  s  401.468,  the  conteat  in  wine 
gaUoos. 

SxAli.  51. 

By  Prob.  XVII.,  Part  V.,  we  have  54  X  54  x  32 
=  2gi6  X  32  r=  93312,  the  square  of  the  diameter 
of  the  top,  multiplied  by  half  the  depth;  then  93312 
~  359.05  =259.885,  thecontent  in  ale  gallons. 

• 

Exam.  52. 

By  the  Remark  at  the  ^d  of  Pf^.  XVIJ.,  Part  V., 
we  have  30^  +  4fi<>  =900+  1764  «:    2664^  the 
squave  of  the  radius  of  the  top,  added  to  the  sqMaie  of 
the  middle  dkmeter;  then  2664  x  ^  X  Jn^  =: 

MS 
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111888  X  .5236  =  58584.5568,  the  content  in  cabic 
inches;  and  58584.5568  -r  231  =253.6128,  the  con- 
tent  in  wine  gallons. 

Exam.  53.. 

By  Prob  XVIII ,  Part  V„  we  have  72«  +  48«  x  30 
=  (5184  +  2304)  X  30  =  7488  X  30  =  224646, 
the  sum  of  the  squares  of  the  diameters,  multiplied  by 
the  depth;  and  224640 -i-  718.1  =  312.825,  the  con- 
tent in  ale  gallons. 

Exam.  54. 

Bj  the  Remark  at  the  end  of  Prob.XVIII.,  PaitV» 
wehavc24«  +  40«  -f  68«  =576+  l6oa  +  4»4 
=r  6800,  the  sum  of  the  squares  of  the  semi-diameten 
of  the  top  aad  bottom,  added  to  the  square  of  the 
middle  diameter;  then  6800  x  96  x  .5236  :^ 
652800  X  .5236  =  341806.08,  the  content  in  cubic 
inches;  and  341806.08  +  231  =  1479«68,  the  coo- 
tent  in  wtee  gallons. 

ExiH.  55. 

By  Prob.  XIX.,  Ftot  V.,  we  have  42 «  +  45«  = 
1764  4-  2025  =  3789,  the  sum  of  tiie  squares  of  tiie 
top  and  botUmi  diameter^  ;  and  47'  X  4  =  2209  X 
4  =  8836,  four  times  the  square  of  the  middle  dii« 
meter;  then  (3789  +  8836)  x  48  =  12625  X  48 
:=:  606(K)0;  and  6O6OOQ  -7-  2154.3  =  281.297>  the 
content  in  sJe  gallons. 

Exam.  5^. 

By  Prdb.  XX.,  Part  V.,  we  have  69«  +  78*  = 
4761  +  6084  =  10845,  the  sum  of  the  squares  of 
the  top  and  bottdm  diameters ;  95>  x  2  =  9025  X 
2  =  18050,  twice  the  square  of  the  middle  diameter; 
and  87*  +  90**  X  4=  (7569  +  8100)x4=  15669 
X  4  =  62676,  four  times  the  sum  of  the  squares  of 
the  diamet^s  ta^en  at  one*iburth»  and  at  three^oiirtitt 
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of  the  depth;  then  (10845  +  18050  +  62676)  X 
SO  =  91571  X  80  5=  7325680;  and  7325680  -f- 
4308.6  =  1700.246/ the  content  in  ale  or  porter 
gaUoiif . 

Exam.  57. 

By  Rule  II.,  Prob.  XXL,  Part  V.,  we  ba^  the  fok 
lowing  Solution. 

Diaineters*  Areai.  .. 

Inches.  .  Wjnefallons. 

Firet       82.6 281972 

Second     975 82.3212 

Third     107.4 89.2181 

Fourth   109-8 .....40/^80 

Fifth      1 10.7 41.6652 

SlxOk     104.6 87.1999 

Serenth  96.2....... 81.465.0 

Then,  28.1972  +  81.4650  =  54.iS622,  the  giini  of 
the  two  extreme  areas;  (82.8212  +  40.6180  -f 
37.1999)  X  4  =  110.1391  X  4  =;  440.5564,  four 
times  the  sum  of  all  the  even  areas;  and  89.2181  + 
41.6652  X  2  =  808833  x  2  =s  I6I.7666,  twice 
the  sum  of  all  the  odd  areas ;  also  90  -7-  6  rr  15, 
the  common  distance  o£  the  sectiond ; '  hence,  (54^66^2 

+  440.5564  +  161.7666)   X  i^  =«  656.9852    X    5 

3 

=  3284.926i  the  content  in  wine  gallons. 

Exam.  5S. 

ByProb.  XXII.,  Part  V.,  we  have  50    x   dO  :=: 
2500,  the  square  of  the  diameter  of  tlie  base ;  and 

L*-—  sx  ~-  ss  27.5,  half  the  sum  of  the  greater 

and  least  depth  of  the  liquor ;  then  2500  x  27.5  =: 
68750;  and  68750  -^  359.05  =  191.477.  the  ton- 
tent  in  ale  eallons.  '   ' 

Ms 
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X  36  =  2^1:6* 
of  tiir  uDguIa'i 


{uas 


XT.,  Art  nr.,  we  iMnre  84  x  St) 
X  }  =  -^  =  2ai6w  two-dunls  4r 

rened  snie  of  tibe  on- 
46656 


u  X  3        i6i» 

SBK  dmded  by  twice  die  dioni 
»to  +  277-714    =r   SS9S.714  squaze  kiche, 


BfFkdkXXm^FM¥.,wel»e^    -  S6   = 


die 
X  6l5 
bgrdK 


A^o^  48^  X  !  ==   74088   X   f  = 


between  bdfdiedifr- 
sine  of  die  ungula's 
14§09ul41,  die  arei 


148176 


4C54£,  t«o4hiidi  of  die  cube  of  belf  die  cboid;  and 
4^Ki^  —  149Q9L141  =  34482^^9;  dien  34482^59 

X  ^  =  ^^^^^^'^    =  57470.148,  die  content  in 

aibk  mdies;  bence  5747ai4S  -^  231  s  248.7^^^ 
tbe  content  of  die  imgiiia,  in  wioe  gaDons. 
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Exam.  60. 

60  X  60  W  50 
By  Ph*.  XXIV.,  Part  v.,  we  have  rLl^^ — 

, .  0-: 

5600x50       180000 


6  6 


=  d0000>  the  content  in  cubic 


^0000 

inches:  and  -— -  =  106.382,  the  content  of  the  un. 


gula,  in  ale  gallons. 


Exam.  61. 


so  y  90 
By  Note  II.,  Prob.XV.,  Part  IV.,  we  have  , — ^r^ 

^$6  :=.  ^  4.  36  =1  25  -h  36  =  61  inches,  the  diameter 
So 

of  Uie  vessel ;  hence  it  appears  that  the  base  of  the  un- 

gula  is  greater  than  a  semi-circle.    By  Rule  IL,  Prob. 

S6 
XV.,  Part  IV.,  we  have  ^-  ?=.590  Jf  the  quotient  of 

the  versed  sine,  divided  by  the  diameter:  and  by 
Note  2,  we  have  1  —  .590  JJ  =  .409  gf  The  Area 
Seg,  answering  to  this  remainder  Is  .303025,  then 
.785398  —  .303025  =  .482373,  the  area  segment, 
corresponding  to  .590  Jf ;  hence  .482373  x  6I*  = 
.482373  X  3721  ==  1794.909933  square  inches,  the 
area  of  the  ungula's  base. 

By  Protf.  XXV.,  Part  V.,  we  have  36--  —  =  36   -^ 

30.5  =:  5,5,  the  difference  between  the  versed  sine  of 
the  ungula's  base,  and  half  the  diameter  of  the  vessel ; 
then  1794.909933  X  5.5  =  9872.0046315,  the  area  of 
the  ungula's  base,  multiplied  by  the  said  difference. 

54000 
Again,  30»  X  f  =  27000  X  §  =  —3—    =   18000, 

two-thirds  of  the  cube  of  half  the  chord;  and  9872  + 


{fAMt  y.) 

^,^^      50     isgseoo 

3s  39711-11 1»  wCooBtent  incQbicBiclKs:  «Mi ^ — 

=  167.58(^  the  eoniait  «f  the  m^ak  m  wine  galkos. 

Exam.  62. 

Bf  lidblU  IVofci  XV,  Rat  IV^  we  bive40-r 
50=  .8,  the  Tcned  one  or  dcfUh  of  the  liqiur,  £• 
vided  fay  the  diuoeler  of  the  TcneL  TTie  Am 
Sig.  jnswcring  to  this  qoctient,  is  .673575;  to 
SiS575  X  50f*  =  ^3575  X2500  =  1683.9375  mpm 
inches,  the  eras  of  the  drcnlar  segment  at  die  aid; 
and  fay  Che  Bematk  at  the  end  of  Fnib.  XXV,,  Fart 
V,  we  h«ve  1683.9375  x  60  =  101036L25^  the  cm. 
tent  of  the  ongnls  in  cubic  inches;  oonaeqiientlj. 
101II86;£5  -r  28S  s=  358.884»  Ae  contoit  in  m 


Exam.  63. 

Bf  tf»  Salation  to  the  last  Examples,  we  haff 
tihe  aica  of  the  greater  end  =  1683.9375  notfr 
inches  ;  and  as  the  less  end  is  a  semi-circle  we  iuTr 
(.7854  X  2500)  -T-2  =  1963.5  -r  2=  981-75,  its ara 
in  square  inches. 

^^       40  +  25      65 

Now  — 2 =  -5-  =^38.5  mches,  ihe  depth  of  the 

liqaor,  at  the  middle  of  the  vessel ;  then  32,5  -r  50 
=  .65,  the  Tersed  sine  or  depth  of  the  liquor  divided 
bj  the  diameter  of  the  vessel  The  Area  S^.  carrei^ 
ponding  to  this  quotient,  is  .540418 ;  then  .540418 
X  2500  =z  1351.045  square  inches,  the  area  of  the 
middle  section. 

By  Pirob.  IX.,  Port  V.,  we  have  1683.9375  +  981.75 
=  2665.6875,  the  sum  of  the  areas  of  the  two  ends; 
and  1351.045  X  4  =:  5404.18,  four  times  the  aresot* 

the  middle  section ;  then  (2665.6875  +  540418}  x-g 
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=  8069-8675  X  10  =  9069S.&I5,  the  oont^t  of  the 
mgrula  in  cubic  inches;  and  80^98.675  -f-  231  = 
^49.344^  the  content  in  wine  gdUons.  (See  the  Remark 
at  the  end  of  Prob.  XXV.,  Part  V.) 

By  Prob.  XXVL,  Part  V.,  we  have  87  X  2  +  57 

=  174   -4-   57  s  23h  twice  the  length  of  the  base^ 

added  to  the  length  of  the  upper  edge  of  the  liquor  ; 

.  231  X  68  X  63     989604       ^^^^^^     . 

then,  -^ =s — 5 — zi  164934,  the  con- 

o  o 

tent  of  the  ungula,  in  cubic  inches;  and  164934  -7- 

282  =  584.872,  the  content  in  ale  gaDons. 


Exam.  6&. 


D 


By  the  question  AB  = 
60,  CD  =  50,  Dot  = 
40,  En   r=    30,    and   Am 

60  —  50      10     ^.    , 

=  — :: =  --=5mch- 

2  2 

es ;  then  by  Theo.  11,  Part 

III.,  as  40:  5  ::  30:3.75  A 

=  An ;  and  60  —  3.75  x  2  nm 

=  60  —  7.5  =  52.5  =  EF,  the  diameter  at  the  upper 

extremity  of  the  liquor.    Also,  by  Prob  I.,  Part  I., 

v^52.5  X  60  =  v'sTBo  =  56.12,  the  mean  propor* 
tional  between  the  diameters  AB  and  EF. 

By  Prob.  XXVII.,  Part  V.,  we  have  3150  x  56.12 
==  176778,  the  product  of  the  two  diameters  multiplied 
by  the  mean  proportional  between  them. 

Also,  60^  r=  216000,  the  cube  of  the  bottom  dia« 

,,        216000-176778       89222       ^^^^^ 

meter ;    then   -^-7; . -^  =  — ^ =  5229.6 ; 

60  -  52.5  7.5 

attd  5229.6  X  SO  X  .001133  =;  177-754104,  the  con- 

tent  of  the  ungula  A  B  £,  in  wine  gallons. 


(f  AM  T.) 


ExaB.fiEL 

A     ■ 

Br^v  OBESia  AB=: 


^.   CO  =:  5::.   D»  =  «,       >   f 

I^^lM^^^mA  Am       \i 


ir  — i»    2c*  jv 


\'    ir 


nt^'Lixt  =  6i>  -  5  =  55  =  EF,  tfed» 

aie- ipyerqiii  wiij  rf  the Kqpar,  whatk 

{HSTtkn.    Abo faj^ob.  I^  Ptrtl, 


AT  11  5«5^  ^  ^50 1=  5£.44^  the BMia  praMitMDii 
dif  duoMtos  CD  acnd  £F. 


^  ^vfck  AJL\liL.  Fut  T:,  wsliaTe  2750  Xd2.^ 
==  >Me.^^  siie  pvadart  <if  die  two  diameten  idoI* 
^^liiac  ^  ^  sBHi  praportiaoal  between  them. 

Abb.  Si^  =r  l£30C^  the  odie  of  the  bottmdii- 
14t^lO  --  125000  _  19210 

55-50  5 

SMS  X  dd  X  ^OOO^^SS  =  7l^S30S72,  die  oookBt 
I>CF,  mafegaDoos. 


A£3aii.  Klfte  ane  fi^we  hsvev^fiO  x  S0=: 

%  5a.\l=^54.rr,  the  men  proportiaDal  betwean  the 
4iin»cs  AB  ndCD;  and  54.77  X  9000  =  l6iS\0, 

moldplied  bj  the  prodncc  of 
16ISIO  -  125000      39310 


Go  -  50  10 

=  i»Sl  ;  tmA  SCSI  X  40  X  .0009285  sr  i4S.965B9i» 
tbe  ooQteut  oT  the  v^U  DCR,  in  ale  gaBoos ;  then 
KSjidSM^  -  Tl^SXSTSt  zz  74.635S2  de  gdfans,  the 


(fast  ▼.)     mt^^SLt AHEOM  MHAUfrM. 


1S1 


fixAM.   67' 

D 

By  the  question  AB 
=  70,  CD  t=:  60,  and  Cm 

=  50  inches*     Now,  as 

:he  ungula  ABC  is  occa« 

)ied  bj  the  li^or,  whmt 

hevessd  is  in  its  first 

Mmtionj    i%  is    evident  A 

hat  the  eonftent  of  the  m 

ry  hoof  ACD,  will  be  the  answer  required. 

ByJProb,  XXVIII.,  Pfert  V.,  we  have  ^70  x  60  — 

^4200  =  64.807,  the  mean  J^roportional  between  the 
iamcters;  and  64,807  X  4200  =  272189.4,  the  mean 
roportional  multiplied  by  the  product  of  the  two  dia-« 
leters. 

Alfio^  60*  =  216000,  the  cube  ci  the  diameter  CD  ; 
2i7«189-4  -  216000        56L89L4   ^^, 

h8.94i  X  50  X  .0009283  »:  260.8081001  ale  gallons^ 
e  content  of  the  dry  hoof  ACD. 

EXAK.  68* 
By  Prob.  XXX.,  Part  V.,  we  have  90  -  75  =  15, 

B  difference  of  the  diameters  :  and  — ^ —  =  —  = 

75  75 

the  quotient  obtained  by  subtracting  the  difference 
the  dianietexs  from  the  versed  sine  of  die  base,  and 
ndini^  the  remainder  by  the-  less  diameter.  I'he 
ea  Seg.  answering  to  this  quotient  fs  .499629. 

Sow,  75'  ==  421875,  the  cube  of  the  less  <fiameter  • 

60  60  ,  .  ' 

o>  ^'_  15^45*^   ^'^^^'  qiiotiene   ariiii^ 

m  dividing  the  versed  sine  of  the  baseiby  the  differ- 
:e  between  the  said  versed  sing  and  the  4iibf«nce 

the  dimneters ;  and  v^l.8S8  rs   I«l54r«  the  square 
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root  of  the  said  quotient;  then  .492029  x  421875  x 
ISSS  X  1.154  =  207574.7S4S7|i  X  1.3S3  X  1.154  = 
276697.I2092I875  X  1.154  =  319308,477543,  there. 
served  product 

Again,  90'  =.  729000>  the  cube  of  the  bottdm  dii* 

60 
meter ;  and  --  =&  .666^,  the  quotient  of   the  versed 

sine  of  the  base  divided  by  the  bottom  diameter.  The 
Area  Seg.  answering  to  this  quotient,  ii  .556226 ;  then 
.556226  X  729000  =  405488.754,  the  product  ariang 
from  multiplying  the  last  Area  Seg,  by  the  cube  of  the 
bottom  diuneter. 

Now,  405488.754 -ai9^8.47754S  s  86180.27645;; 
the  difference  between  the  butt  product  and  the  n- 
served  product;  also  81  -r-  3  =1  27,  one-third  of  the 
perpendicular  height  of  the  ungula;  then  86180.27^' 

27            ^            ^               9         775622.48811S 
X  -7    =:    86I8O.276457   X    4   =  ^ro^l ^ 

15  5  5 

155124.4976226,  the  content  of  the  unguis,  in  cubic 
inches;  and  155124.497  -r-  282  =^  550.086,  the  con- 
tent in  ale  galUons. 

Nate,  In  order  to  find  the  Area  Seg,  answering  to  .666|,  «t 
have  1  -  .666|  »  .333^  The  Arm  Seg*  answerii^  to.S3,ii 
.299801,  and  that  aniwering  to  .333,  is  ,228858  ;  their  dUfareoce 
u  .000943;  one-third  of  which  is  .000314  This  being  added  to 
•228858,  gives  .229172,  the  Area  Seg,  conrespondiiv  to  S33\'^ 
then  .785398  -  .229172  a>  .556226,  the  Area  Seg.  answering  to 
•666|k    (See  Notes  under  Rule  II.,  Prob.  XV.,  Part  IV.) 

Exam.  69. 
By  Prob.  XXXl.,  Part  V.,  we  have    ^  "" 

15  +  18     83        ^    ^.      J        c  •„-  f 

—5 L —  =  -  =  .6;  the  Area  >S^.  answering  to 

55  55 

this  quotient  is  .492029;  and  .492029  X  55'  = 
.492029  X  166375  =  81861.324875,  the  first  number. 

\/.l6l878625  =  .4023,  the  second  number. 


(part  v.)    miscellaneous  examples.  183 

^**^'  40  =  -^^^  *"«  ^*'^  *«•  answering  to  this 

quotient,  is  .S42782 ;  and  .342782  X  40»  =  .342782  v 
64000  =  «1938.048,  the  third  number. 

^*^' 15^  =  45  = -4666,  the  fourth  number, 

Naw,8186l.324875x.4023=329S2.8109972125,the 
product    of    the    first   and   second   numbers-   then 

(32932.810997  -  21938.048)  x  .4666=c  10994.762997 
X  .4666  =  5130.1564144002,  the  content  of  the  u«l 
gula  in  cubic  inches;  and  5130.156  -^  282  =  18.192 
the  content  in  ale  gallons.  ' 

Exam.  70. 
By  Prob.  XXXII.,  Part  V.,  we  have  SO  -  37  = 
13,  the  versed  sine  of  the  base  of  the  ungula ;  and 

—  =  .26.    The  Area  Seg.  answering  to  this  quotient, 

is  .162263;  then  .162263  x  50*  =  .162263  x  2500  = 

405.6575,  the  area  of  the  ungula's  base  ;  and  405.6575 

50      20282.875  ^  • 

X  j^= jg =  1560.221,  the  reserved  quotient. 

Again,  y/lS  x  37  X  37  X  ^  =  •isT  X  —     = 

«,  ^^  ^  1*^      3245.64     ■    ^^ 
21.93   X  -3-  =  — ^ —  =  1081.88. 

Then,  (1560.221  -  1081.88)  X  ^  ss  478.341  x 

5.8  =  2774.3778,  the  content  of  the  ungula,  in  cuIhc 
mches;  and  2774.3778  ^  231  =  12.0102,  the  con* 
tent  m  wme  gallons. 

» 

Exam.  7h 

By  Prob.  XIV.,  Pkrt  V.,  we  have  32  x  32  X  2  =: 
1024.x  2  =  2048,  titicc  the  square  of  the  bumr  dia- 
meter; ftnd  26x26  =  676,  the  ^uare  of  the  head 

N 
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diameter ;  then  (2048  +  676)  X  45  =  27S4  x45'= 
1^580 ;  and  122580  -^  107715  ==  118.800;  the  con- 
tent  in  ale  gallona ;  abo^  122580 -h  882L86  ^=  imgSS, 
the  content  in  wine  gdlo08» 

ExiM.  72. 

By  Prob.  XVL,  Part  V.,  we  have  82  x  82  X  8  = 
1024  X  8  =  8192,  eight  times  the  square  of  the  bang 
diametor;  26x26x8=;676x  3  =:  2028,  three 
timea  ^be  square  of  the  h^  diameter;  and  82  X  ^ 
X  4==  882  X  4  =  8828,  four,  times  the  prodnct  of 
the  diameters;  then  (8192  +  2028  +  8828)  X  45  = 
1SQ»  X  45  =  609660;  and  6O966O  -^  5385,15  = 
II8.198,  the  Gcmtent  in  ale  gallons;  aIso6090!OT 
4411.8  3  188.187i  the  content  in  wine  gallons. 

Exam.  78. 

By  Prob.  XVIIL,  Part  V.,  we  Jmre  82  x  8S  s 
1024,  the  square  of  the  bung  diameter;  26  x  26=:67$» 
tbe  squareof  the  heed  diameter;  and  (1024  +  &lSj 
X  45  =  17.00  X  45=  76500,  the  sum  of  the  sfUtfes 
of  the  two  diameters,  multiplied  by  the  length;  then 
76500 -^  718.1  =  106.580,  the  content  in  ale  gdkos; 
and  7)6500  ^  588^4  =;.180.048^  die  content  in  wine 
gallcHis, 

B)[AM.  74. 

By  Rule  I.,  Prob.  VIIL,  Part  V.,  we  have  32  x  26  X  5 
=  882  X  8  =2496, three timeslheprodiictofthebaiii; 


and  head  diameters;  and  82  -  26f  =  ^  =;  36,  the 
square  of  their  difference;  then  (2496  +  36)  X  45  := 
2582  X  45  =  118940;  and  118940  -f-  1077.1^  = 
105.779*  the  content  in  ale  gallons;  aba  118940 -r 
89^96  =  129.I8O,  the  content  in  wine  gallons. 

Exam.  75. 

By  Ph>b.X.,  Part  IV.,  the  square  of  the  side  of  anj 
n^iuar  polygcm,  multiplied  by  its  proper  factor,  wiO 
giye  the  aree  in-  square  inches ;  oaiisequently>  if  the 
areniof  any  pelygpn*  he  divided  by  ita.  pc^qper  fiflto^ 
the  quolswnt.inU  be  the  square  o£  ^.side;  facaee 


(?MT  V.)      lilSOfiLlxAiNSOUS  SKAlOnBEB.  IESS 

we  have  282  X  45  -f-  .433013  =  I269O  -r-  .433013 
=   29306.279488^    iJiB   M^atale   of    the    side;    and 

♦^29306.279488  =s  171.190  inches^  the  side  required. 

!ExAii.  76. 


Let  the  trin^Ie  ABC 
represent  the  ba»s  of  the 
pnsmatic  vessel;  and  the 
circle  ABC  Uiat  of  the 
cylindrical  vessel;  D  being 
the  centre  of  the  triangle^ 
and  also  that  of  its  ch*- 
cumscribing  circle;  and 
AD  r=:  DB,  the  radius  of  ^ 
the  said  circle. 

Now,  by  PwA.  X.,  ftdl  IV.,  we  have  .4SS(n^  yno^ 
ssMSOlS  X  2500  sK  2082.5325  s^are  inches,  the 

i»  .t.     ^-      1     AY>^         -1082.5325     «v,^^,, 
area  of  the  triangle  ABC ;  and --—  s:  360.844^ 

the  la&L  of  the  triangle  ABD ;  and  this  area  divided 
b^  hfl^  the  hstse  AB,  will  givetJie  perpendicular  Dm; 
that  is  360.844  -r  25  ==  14.433  inches  =  D  m. 

By  Prob.  IV.,  Part  I.,  we  have  Am*  +  Dm«  =  25* 
+  14.433*  =  625  +  208.311489  =  833.311489,  the 
square  of  the  radius  AD;  and  833.311489  X  3.l4l6 
=s  2617.9313738424  square  indies,  the  area  of  lAit 
circle  ABC. 

Now,  1082.5325  X  40  =  43301.3  cubic  inches, 
the  content  of  the  prismatic  vessel;  and  2617-93137 
X  40  =  104717.2548  cubic  inches,  the  content  of 
the  cylindrical  vessel;  then  104717-2548  -  43301.3 
=  61415.9548^  die  difference  of  th«r  contents;  •and 
61415.9548  -7-  282  =  217.787  ale  gallons,  the  answer 
required. 

Note,     Here  it  may  be  proper  to  observe  that  no  attention  has 
beed  {m^  Io  the  tbicIaieBS  ef  the  ades  of  the  priisffiaUc  vessel. 

N2 
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Exam.  77* 

By  Rrob.  11^  Part  TV.,  the  length  of  arectangle,  muhi- 
idied  by  its  breadth,  will  give  the  area  ;  conaeqoeQtly, 
if  the  ana  of  a  rectangle  be  divided  by  one  xvf  its 
dfrnmaifltM,  the  quotient  will  be  the  other  dimenaioD; 
benoe  we  have  S82  x  12  -f-  60  =  8584  ^  60  =  56.4 
inches;  and  80  —  56.4  =  28.6  mches;  theredfore,  tiie 
length  of  eadi  vessel  is  60  inches;  thelireadth  of  the 
greater  56.4  indies,  and  that  of  the  less  23.6  inches. 

£zAM.  78. 

By  Plrob.  II.,  Part  V.,  it  is  evident  that  if  we  divide 
the  ooDtent  of  a  paralldopipedon  by  one  of  its  dimen- 
sions, the  quotient  will  be  the  product  of  tbe  olher 
two  dimensions;  hence,  we  have  282  x  880  =: 
107160  cubic  indies,  die  content  of  the  less  dstem; 
and  107160  -^  48  ==  2282.5  the  area  of  tha  base; 
then  by  Pkob.  II.,  Part  IV.,  we  have  2282.5  -^  64  = 
S4.882  ;  and  86  —  84.882  =  51.118  ;  conaeqnent!?, 
the  lengdi  of  eadi  dstem  is  64  inches;  the  breadth  of 
the  greater  51.118  inches,  and  that  of  the  less  34.882 


Exam.  79* 


Let  ABC  denote  the 
triangular  cooler;  then 
by  me  question,  AC  = 
eo,  EC  =  70,  and  AB 
=  80  inches. 


^  By  Proh.  v..  Part  IV.,  we  have  ^  +  70  +  80  _ 

210 

—  =:  105,  half  the  sum  of  the  three  sides;  then  lOS 
2 

—  60  =  45,  the  first  remainder;  105  —  70  =  35,  the 


(fast  v.)      XIBCBU.AX£09(S  £XA«nPl£B.  iS7 

second  remainder;  and  105  —  SO  =  25,  Ae  third  fe^ 

malnder;  th^  \/l05  X  45  X  35  X25  =  ^4134375 
=  2033.316  square  inc^es^  the  aiea  ^  the  ttkm^ 
ABC, 

Nbur,  S8d  X  3  =:t  846  square  inches,  tbe  «r€t  of  the 
trapezoid  ABED;  the  me  D£  being  the  dividing 
plane;  and  2033.316  -*  846  =  1187-316  eqsare 
indies,  the  area  of  the  triangle  DEC. 

Then  by  Theo.  13,  Pmrt  IIL,  as  the  area  of  the  trv^ 
angle  ABC  is  to  the  square  of  any  of  the  sides,  so  is 
the  area  of  the  triangle  DEC,  to  the  square  of  stnf 
similar  side;  hence,  as  2033.316  :  60^  :;  1187.3i6  : 

2102.151165  z=  DC*;  and  V'2f02.151l65  rt  46.849 
inches  =  DC. 

Again,  as  2033.316  :  70^ ! :  1187.316  ;  286l.26l309 
=  EC«;  and  \/ 2861^61309  =  53A90  inches,  =  Ea 

Lastly,  as  2033.316  :  80' ;;  1187.316  :  3737-157628 

=  DE*;  and  v^  3737.157628  =s  61.132  inches  «: 
DE ;  hence  all  the  sides  of  the  triangle  DEC  are 
determined. 

Exam.  SO. 


Let  ABC  represent  the 
triangular  cooler;  and  CD 
the  dividing  plane ;  then  by 
the  question,  AC  =  60,  BC 
=  70,  AB  =  80,  and  AD 
s  DB  =  40  inches. 


r^            «      Ttr         I.       AC*  +  BC«^2AD* 
By  Thea  14,  Part  IIL,  we  have ■ — 

^-r^«        !_        .      5600     +    4900    -    3200 

=    CD^:    that    is -^ — ^ ^ 

2 

N3 
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S500  -  5200       5300 


=  2650  5=  CD* ;  and  ^/2650 


2  2 

s  51.478  indies  =  CD. 

By  Ph*.  v..  Part  IV.,  we  have  ^  ^  ^  "^  ^^'^"^ 

fis  — ^ —  =  75.739>  half  the  sum  of  die  three  sides ; 

then  75.739  —  60  =  15.7d9>  the  first  remainder. 
75.759  —  40  =  35.739,  the  second  remainder;  and 
75.739  -  51.478  =  24.261,  the  third  remainder;  and 
by  multiplying  the  half  sum  and  the  three  remainden 
condnuaUy  together,  we  obtain  1033588.804259,  tlie 
«|uare  root  of  which  is  1016,655,  the  area  of  the 
triangle  ADC  in  square  inches;  hence  1016.655  -f 
282  =s  3.605,  the  area  in  ale  gaHons. 

Now,  by  the  solution  to  the  last  example,  the  area 
of  the  triangle  ABC  is  2033.316  square  inches;  con- 
sequently, 2033.316  -  1016.655  =  1016.661  SGuaiv 
iaaies,  Uie  area  of  the  triangle  BCD;  and  IOI6.60I  -=- 
S82  ss  3.605,  the  area  in  ale  gallons ;  hence  it  appears 
that  the  line  DC  divides  the  triangle  ABC  into  two 
equal  parts. 


NoU,  l^j  Theo.  6,  Part  III.,  triangles  upon  the  same  base,  (or 
of  equal  bases,)  and  between  the  same  parallels  ave  equal  ;  hcace 
the  last  question  might  have  been  solved  on  this  principle,  b« 
^vidiqg  the  area  of  the  given  triangle  by  two. 


Exam.  81. 

Here  I6  X  8  X  2150.42  =  128  x  2150.42  = 
275253.76  cubic  inches,  the  content  of  the  dstem, 
whose  depth  is  required ;    then  by  the   Note  under 

Probll    PartV    wc  have  «75253.76  _  875253.76 
ttob.  11.,  l-art  v^  we  nave   g^^^^g    -     g^gg— - 

-40.669  inches,  the  depth  Required. 


—     (PAftT  V.)     XI9CSLLANBOU8  EXAMPLS8.  1^9 

Exam.  82. 

ByProb.V.,  Parti.,  we  have  s/lSO*  -  108*  =: 

V'sg^OO  -   11664  z=:  \/ 20736  =s  144  inches,  the 
.    length  of  the  cistem. 

Now,  by  Prob.  II.,  Part  V.,  we  have  144  x  108  x  42 

=  15552   X  42   =   653184,  the   content    in  cubic 

inches;  and  653184  -^  5  =  130636.8  cubic  inches, 

.'  the   allowance   for  the  swell  of   the   grain;    then 

653184-130636.8        522547.2  .^«^^i.    ,    i 

■ — 3= =  242.997  bushels, 

2150.42  2150.42 

the  answer  vequired. 

Exam.  83. 

Here  9743  x  282  =  2747526,  the  content  in  cubic 
inches ;  and  by  Note  1,  Prob.  IV.,  Part  V.,  we  have  1 47 
X  147  X  .7854  =  21609  X  .7854  =r  16971.7086,  the 
area  of  the  base ;  then  by  Note  2,  of  the  same  Prob. 
we  have  2747526-^  16971.7086  =  I6I.888  inches, 
the  depth  required. 

Exam.  84. 

By  Prob,  IV.,  Part  L,  we  have  ^W^"^  sz 
s/l296  +  1296  =  \/2592  =  the  side  of  the  given 
vessel;  then  by  Prob.  I.,  Part  V.,  we  have  ^^2592 
X  V^2592  X  \/2592  z=:  \/2592  X  2592  X  2592  = 
\/ 17414258688  =  ISI96S.O95,  the  content  in  cubic 
inches;  and  131963.095  -r-  231  =  571.268,  the  con- 
tent in  wine  gallons. 

Exam.  85, 

By  Note  1,  Prob.  IV.,  Part  V.,  we  have  18.5  x  18.5  x 

7854  X  8  =  342.25   x    -7854  X  8  =  268.803,15  X  8 

=x  2150.4252,  the  content  of  the  Winchester  bushel, 

in  cubic  inches;   and  2150.4252 -r  9  =  238.93613 

aquare  inches,  the  area  of  the  base  of  the  bushel. 
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whose  depth  is  9  inches  ;  then  ^238,93613  -r  .7854 

=  \^  304^22222  =  l?.**!  inches,  the  diameter  n- 
qiiired. 

Exam.  86. 

Let  ABCD  represent 
tiie  middle  perpendicu- 
lar secdon  of  the  given 
vessel;  then  by  the 
question,  AB  =  150, 
CD  =z  86,  and  BC  = 
68  inches;  consequently 
^^    150^-J6 

2 

64 

-~  =  32  inches.  "* 

2 

By  Prob.  V.,  Part  I.,  or  Theo.  7,  Part  IIL,  we  have 

V'eS*  -  32*  1=  V"  4624-  1024  ==  Vs600  =:  60 
inches,  the  perpendicular  height  Cm. 

By  Rule  11.,  Prob.VIII.,  Part  V.,  we  have  150  flS* 
=:  236*  =r  55696,  the  square  of  the  sum  of  the  diame- 
ters; and  150  X  86  =  129OO,  the  product  of  the  do- 
meters  ;  then  {55696  -  129OO)  X  60  =  42796  x  60 
=  2567760;  and  2567760  -r-  1077.15  =:  2SS$^4/^ 
the  content  in  ale  gallons. 

ExiH.  87. 
(See  the  last  Figure,) 

Let  ABCD  represent  the  middle  perpendicular  section 
of  the  vessel;  then  by  the  question,  AB  =  195,  BC  = 
&5,  and  Cm  =75;  then  by  Prob.  V.,  Piirl  I^  we  have 

Bm  ==  y/ss""  -  75«  =  ^^7225  -  5625  =  y/TW 
=  40  inches,  half  the  difference  between  the  sides; 
hence  195  -  40  x  2  =  195  -  80  =  115  =  CD,  the 
side  of  the  top  of  the  given  vesseL 
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By  Rule  IL,  Prdb.  VI.,  Ptart  V.,  we  haye  195  x  195  = 
'  38025,  the  square  of  the  side  of  the  base ;  115  x  115 
=  13225,  the  square  of  Uie  side  of  tiie  top ;  and  195 
X  115  =  S24S5,  the  product  of  the  sides ;  tnen  (38025 
+  13225  +  32425)  x  75  -r-  8  =  73675  X  25  = 
1841875,  the  content  in  cubic  inches.  Hence  1841875 
^  X  .000465  =s  656.471 875^  the  content  in  malt 
bushels. 

Exam.  88. 

Here  3834  x  231  =  885654,  the  content  in  cubic 

inches ;  and  by  Prob.  X.,  Part  IV.,  we  have  74  x  74 

X   1.720477   =   5476  X    1.720477    =   9421.332052 

^    square  indies,  the  area  of  the  base  ;  then  by  Note  3, 

,  Prob.  III.,  Part  V.,  we  have  885654  -7-  9421.332052 

=  94.005  inches,  the  depth  required. 

w 

Exam.  89« 

By  Prob.  IL,  Part  V.,  we  have  182  x  112  X  74  = 
20384  X  74  =  1508416,  the  content  of  the  reservoir 
in  cubic  inches ;  and  26  x  3  =  78  pints  =  2749./J 
cubic  inches ;  the  quanti^  of  water,  which  the  reservoir 

-*         •  .     .        t.       1508416         ^^oa.jL 

recdves  in  one  minute;  then  =  548.Q14 

minutes  =  9  hours,  8.614  minutes,  the  time  required. 


Let  ABCD  repre- 
sent  the  middle  sec- 
tion of  the  given 
vessel;  then  by  the 
question,  AB  =  86, 
CD  =  62,  Cot  = 
58,  Fit  =  40 ;  and 

2 

24 

"--  =r  12  inches. 

2 


fit  n 


Bv  Thfio.  1],  Part  III.,  the  triangle  B»F  is  siiiiik 
to  the  triangle  BmC;  h^oe,  as  Cm  :  B«  :;  Fn: 
Bn;  that  IB,  as  58  ;  12  ::  40  :  8.275  =  B«/  then 
AB  —  2B»  =  ^  -  16.55  =  69.4^  inches  =:  £F, 
the  diameter  at  die  surface  of  the  liqucnr. 


By  Rale  I.,  Prob.  VIII.,  Fart  V.,  we  have  69.45  X 
X  S  =:  5972.7  X  S  =  I79I8.I,  three  times  theprodpct 
of  the  top  and  bottom  diameters;  and  86  —  69.451* 
=  16.55*  =  273.9025,  the  square  of  their  differ- 
ence ;  then  (17918,1  +  278.9025)  X  40  =  18192.0025 
X  40  =  727680.1 ;  end  727680.1  -^  1077^5  = 
€75.560,  the  content  in  ale  gallons. 


Exam.  91. 
(See  the  last  Figure.) 

Let  ABCD  represent  the  nnddle  section  of  tiie 
^ven  vessel ;  then  by  tibe  question,  AB  =  p4,  dO  := 

68,  Cm  =:  65;  F«  =45,and  Bm  =  ^  ^  ^^  =  -  = 

13  inches* 

By  Thea  11,  Part  III.,  the  triangle  B«F  is  similar 
to  the  triangle  BmC ;  hence>  as  Cm  ;  Bm  : :  Fs  .' 
B»/  that  is,  as  65  :  13  ;:  45  :  9  =  B«,-  then  AB 
-  2  B«  =54  -  18  =  76  inches  =  EF,  the  sidcof 
the  vessel,  at  the  surface  of  the  liquoi*. 

By  Rule  II.,  Prob.  VI.,  Part  V.,  we  have  94  x  94  =: 
S836,  the  square  of  a  side  of  the  base ;  76  X  76  = 
5776,  the  square  of  the  side  at  ihe  surface  of  tbe 
liottor;  and  94  x  76  =  7144,  the  product  of  the 
ddes;  then  (8836  +  5776  +  7144)  x  45  -r3  = 
21756  X  15  =  326340,  the  content  in  cubic  inches; 
hence  326340  x  .004329  =  1412.725,  the  conteat  in 
wine  gallons. 


iB 
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ExAlf.  92, 


^  =  Let  ABCD  repre- 
i^  sent  the  middle,  per- 
f  pendicular  section, 
made  through  the 
,  transverse  diameters 
^  of  the  given  vessel ; 
"then  by  the  question,. 
M  =  86,  CD  =  62, 
:^Cm=:65,   F«  =  42, 

-  and  Bm  =  ■ 

2 

=  -—  =  12  inches. 
2 


HI  n 


By  Theo.  11,  Part  III.,  the  triangle  BnF  is  similar 
to  the  triangle  BmC ;  hence,  as  Cm  :  Bm  *  *  Fft  * 
t^;  that  is,  as  65  ;  12  : :  42  ;  7-753  =  Bn;  then 
AB  -  2  B»  =  86  -  15.506  =  70.494  inches  =  EF, 
tae  traoBverse  diameter  at  the  surface  of  the  liquor 

Agaiiiy  let  ABCD  represent  the  middle  peipendi.^ 
cuiar  section,  made  through  the  conjugate  diameters 
of  the  given  vessel;  then  by  the  questian,  AB  =  58, 

CDz::  42,  Cm  =  65,  F«=:42,  and  Rii  =  ?®  "^  ^ 


=  -—  =  8  inches. 
% 


2 


By  similar  triangles,  as  65  ;  8  ::  42  ;  5.1^  = 
h;  and  AB  -  2  Bir  =  58  -  10.338^  =:  47.6$2 
iches  =  EF,  the  crni jugate  diameter  at  the  suiface  of 
le  liquor. 

By  Prob.  IX.,  Fart  V.,  wehare  ^  +  ^^'^?.?  == 

6«494 

-- —    =  78.247;  the  transvene  diameter  of  the 


(f  AK  T.) 


Aiia 


hyikisRaie. 

4:iJ?^  -^  :%r.55.*$J028  +  5S59.885(»8)  X 

^  —  :^4s-:<^«oArj5F  X  «  =  lOftSlOOiSTOSSS;  wd 
7  V^ :  V^^-^'tf:5£  -=-  tl5U  =  4S5.i2318,  thcconttDt 
ir  Aff  ^slidok. 

I5)c  liiitfl^PwikYn,  E«tV,  wehaive  6*x(?*x 
^^4^x  ^^llSTSI^tliesqfiiareordieditiixCer 


(PAET  V.)     MISCELLANEOUS  EXAMPLES. 


145 


of  the  base  multiplied  by  one-third  of  the  altitude ; 
and  118784  -f-  359-05  =  330.828,  the  content  of 
the  given  vessel,  in  ale  gallons. 

Then  by  Proportion,  as  3  :  2  ; :  330.828  :  220.552, 
the  cdntent  of  the  frustum ;  and  as  3  :  1  ; ;  330.828 
:  110.276,  the  content  of  the  segment,  in  ale  gallons. 


Exam.  94. 

By  Rule  II.,  Prob  VI.,  Part  V.,  we  have  60  x  60 

=  3600,  the  square  of  the  side  of  the  base ;  40  X  40 

=  1600,  the  square  of  the  side  of  the  top ;  and  60  x 

0  t=  2400,  tlie  product  of  the  sides;  then  (3600  + 

84 
600  +  2400)  X  —  =  7600  X  28  =  212800,  the 

ontent  in  cubic  inches;  hence  212800 x  .004329  = 
31.2112,  the  content  in  wine  gallons. 


Then  by  Proportion,  as  9  I  5  ;:  921.2112  : 
11.784,  the  content  of  the  greater  vessel;  and  as  9 
4  ;:  921.2112  :  409.4272>  the  content  of  the  less 
issel,  in  wine  gallons. 

,  Exam,  '95. 

By  the  qtieStion^  AB  =  60,  and 
?  =  72  ;  then  by  Note  1,  Prob.  VII., 
irt  v.,  we  have  60  x  60  x  .7854  = 
00  X  .7854  =  2827.44,  the  area  of 
e  base  in  square  inches;  and 
27.44  X  24  ±=  67^58.56,  the  con- 
it  of  the  cone  ABC,  in  cubic  inches ;  p. 
o,  67858.56  -r-  2  =  33929-28  =  ^ 
i  content  of  the  segment  or  cone 
IC.  A 

STow,    by  siniito  solids,  Theo.  20,    Vart  III.    at 
^58.56  :  60»  :;  33929.28  ;   IO8OOO  =  DE';  and 

OSOOO  =  i7.622  inches  :=  DE,  the  diameter  of 
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the  top  of  the  frastum,  and  also  thftt  of  tbe  base  of  the 
segment. 

Again,  as  67858.56  :  72'  .T  33929-28  :  186624  = 

CG' ;  and  ^186624  =  57.146  inches  =  CG,  the  aItU 
tude  of  the  segment ;  and  72  —  57.1,46  =  14,854 
inches  ==  ¥G,  tne  altitude  of  the  frustum. 

ExAU.  9.6» 


Let  ABCD  represent  the  given  ves- 
sel;   and  AFB,    the  pyramid  when     -- 
completed ;  then  by  the  question  AB     ^ 
=.  60,  CD  =  40,  DH  =  50,  AG  := 
SO,  and  AH  =  10  inches.  K 


A  H  G      B 


NoMT,  by  similar  triangles,  Theo.  11,  Part  III.|  as 
AH  :  HD  : :  AG  :  GF  ,-  that  is,  as  10  ;  50  ::  30 : 
150  =  GF ;  and  150  —  50  =  100  inches  =  EF. 

100 
By  Prob.  V.,  Part  V.,  we  have  40  x  40  x  —  = 

^  ^       100        160000     .  ^    ^    r  *u  M 

1600  X  —  =  — s — >  the  content  of  the  pynunid 
3  3 

DFC. 

Also,  by  Rule  11.,  Prob.  VI.,  Part  V.,  we  have  (60  X 

.   ^  -^x        50        380000         - 

60  +  40  X  40  +  60  X  40)  X  y  s=  — - —  =  the 

content  of  the  given  vessel  ABCD ;  and  this  beuig 

looooo 

divided  by  2,  we  obtain  -— ^— >  the  content  of  the 

3 

frustum  KLCD;  the  line  KL  being   the  cBviding 

160000    ,    190000       350000     .     ^^^ 
plane;  then  — -—  +  — j— •  sa  — j— *^  tae  coa* 

tent  of  the  pyramid  KFL. 
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'Sow,  by  similar  solids^  Ilieo.  20^  Part   Itl.^    a» 

160000  ,         350000 

40^   ::  — -z —  :   140000  =   KL';     and 


3 


y/l4O000  =  51.924  inches  =  KL,  the  top  diameter 
of  the  vessel  ABLK,  and  the  bottom  diameter  of  the 

vB8«ei  klcd; 


A     •     u     •    -1        r^         160000.,^  ...350000 
Agam^  by  smiilar  solids^  as  — - —  ;  lOO'  ! ;  — - 

3  o 


:  2187500  =  FM';  and  v'2187500  =  129.812  = 
FM;  then  FM  -  FE  =  129.812  -  100  =  29-812 
inches  =  £M^  the  altitude  of  the  vessel  KLCD ;  and 
DH  -  EM  =  50  -  29.812  =  20.188  inches^  MG, 
the  altitude  of  the  vessel  ABLK, 


Exam.  97. 


D 


I^et  A6CD  denote  the 
given  spherical  vessel ;  then 
by  the  question  BD  =  74, 
BE  =  g5,  and  ED  =  74 
— .  25  =  49  inches.  ^ 


Now,  "by  Theo.  9,  Part  III.,  the  angle  BAD,  in  the 
semi-circle,  is  a  right  angle;  and  by  Theo  12,  BE  x 
ED  =  AE*;  that  is,  49  x  25  =  1225  =  the  square 
of  the  radius  AE. 

By  Rule  II.,  Prob.  X.,  Part  V.,  we  have  (74  x  74 
X   74)  -r-  538.58  =:  5476  X  74  -r  638.58  =  405224 
—  538.58  ss  752.393  ale  gallons,  the  content  of  the 
given  vessel  ABCD. 

O  2 
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By  Rule  L,  Prob.  XI.^  P^  V.,  we  have  1225  x  3 
=  S675,  three  times  the  square  of  the  radius  A£ ; 
and  25  x^5  =z  625,  the  square  of  the  d^th  BE; 
then  (3675  +  625)  X  25  x  .5236  =  4300  X  25  x 
.5236  =  107500  X  .5236  =  56287,  the  content  in 
cubic  inches;  hence  56287  -r  2S2  ==  199.599  ale 
gallons,  the  content  of  the  less  s^ment  ABC ;  god- 
sequently,  752.393  -  199599  =  552.79*  alegallans, 
the  content  of  the  greater  segment  ADC. 


ExiM.  98. 


Let  ABC  represent  the  given 
semi-spheroidal  vessel ;  then  by 
the  question,  AB  =  50,  FC  = 
60,  and  FG  =  30;  the  line 
D£  being  the  dividing  plane* 


By  the  Note  at  the  end  of  Prob.  XIII.,  Part  V., 
we  have  60  +  30  =  90,  the  altitude  of  the  given 
vessel  ABC,  added  to  that  of  the  fhistum  ABED ; 
60  —  30  =  30,  the  differencei)etween  their  altitudes; 

and  2  \/90  X  30  =  2  \/2700  =  51,9^15  X  2  = 
103.923,  twice  the  square  root  of  the  product  of  the 
sum  and  difference. 

Then,  as  120  :  50  ; :  103.923  :  43.30125  inches, 
the  diameter  D£. 


Now,  by  the  Remark  at  the  end  of  Ph>b.  XIIL, 
Part  v.,  we  have  50  x  50  x  60  ==  2500  x  60  =z 
150000,  the  square  of  the  diameter  AB,  multiplied  by 
the  perpendicular  FC;   then  150000  -7-  441.18  s 
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339.997  wine  galloiis,  the  content  of  the  given  vtessel 
ABC. 

Again,  by  the  Remark  at  the  end  of  Prob.  XIV., 
Part  v.,  we  have  2500  X  2  +  43.30125*  =  5000  + 
m4>,99S25l56&5  3=  6874.99S2515625,  twice  the 
square  of  the  diameter  AB,  added  to  the  square  of  the 
diameter  DE ;  then  6874.99825  X  30  -t-  882.36  = 
206249-9475  -=-  882.36  =£  233.748  wine  gallons,  the 
content  of  the  frustum  ABED;  and  339.997  - 
233.748  =  106.249  wine  gallons,  the  content  of  the 
segment  DEC. 

£xAM.  99. 


Let  ABC  represent  the  given' 
parabolic    vessel;    then    by    the 
question,  AB  =    50,  FC  =  60, 
and  FG  ==  30;    the    line    DE 
being  the  dividing  plane. 


By  Note  4,  Prob.  XVII.,  Part  V.,  we  have  60  - 
SO  =  30,  thereserve<^  remainder;  then,  as  60  •  50* 
: :  30  ;  1250,  the  square  of  the  diameter  DE. 

By  Prob  XVIL,  Pari;  V.,  we  have  50  x  50  x  30  = 
2500  X  30  =  75000,  the  square  of  the  diameter  AB, 
multiplied  by  half  the  altitude  FC ;  and  75000  -7- 
294.12  =  254.997  wine  gallons,  the  content  of  the 
given  vessel  ABC. 

A^ain,  by  Prob.  XVIII.,  Part  V.,  we  have  f2500  4- 
1250)  X  30  =  3750  X  30  =  112500,  the  sum  of  the 
squares  of  AB  and  DE  multiphed  by  FG  •  and 
11^500-7-588.24  =  191.248  wine  gallons,  the  con, 
tent  of  the  frustum  ABED ;  and  254.997  —  191  248 

03 
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=  63.749  wine  iralkiis^  the  omteiit  of  the  smnent 
DEC. 


Exam.  100. 

By  Prob.  XVIIL,  Part  V.,  we  have  (300*  +  SIS') 
X  336  =  (90000  +  97344)  X  S36  =  187344  X  336 
s  62947534,  the  sum  of  the  squares  of  the  head  imd 
bung  diameters  multiplied  by  the  height;  then, 
6^947584  -4-  588.24  =  IO70IO  wine  gMooB,  the 
content  of  this  enormous  cask. 


(sect.  I.)      GAUGINa    AND  FIXING,   &C.  ^  151 

PART  ri. 

The  Method  of  Gauging  and  Fixing  Victuallers'  Uten- 
sils; of  Gauging  and  Inching  Common  Brewers^ 
Utensils;  and  of  Gauging  and  Ullaging  Casks* 
Also^  the  Method  of  Gauging  and  Fixing  Maltsters^ 
Utensils;  and  of  Gauging  and  Inching  a  Stilly  and 
a  Distiller's  Wash-Back.  Likewise^  the  Method  of 
Gauging  and  Fixing  the  Utensils  of  Soap-Makers^ 
Starch-Makers y  and  Glass-Makers,  as  practised  in 
the  EXCISE. 

SECTION  I. 

THE  METHOD  OF   GAUGING  AND   FIXING  VICTUALLERS* 
UTENSILS,  AS   PRACTISED   IN  THE   EXCISJB. 

PROBLEM  I. 

To  gauge  and  fix  a  mash  tun  in  the  form  of  the  frus- 
tum of  a  cone. 
Exam.  2. 

BY  THE  PEN. 

"  To  find  the  area. 
Inches, 
7SAI 
72.6  i  ^'^^^  diameters. 

g)  146.0 

73    mean  diameter. 
73    ditto. 

219 
511 

Divisor  289)5329(18.439  mean  area  in  gallons. 
289 

2439 
g312 

1270 
1156 

1140 
867 

2730 
2601 

129 
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To  find  the  content* 

Mash  Tun  gallons, 

18.44 
50.5 

9220 
9220 

931.220  content. 


BY  TH£   SLIDIKO  RULE« 

OnD.     OnC.    On  D.      On  C. 

As  17.07    :    1    ::    73    :    1 8.44  am. 

Again, 
As  17.07  :  50.5  ::     73     :     931.22  content 


PROBLEM  II. 

To  gauge  and  fix  a  mash  tun  in  the  form  of  the  f rut- 

turn  of  a  square  pyramid* 

Exam.  2. 

by  the  pen. 
^  Inches. 

47-8  mean  side. 
47.8  ditto. 

3824 
3346 
1912 

227)2284.84(10.065  mean  area  in  gallons. 
227 

1484 
1362 


1220 
1135 

85 
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To  find  ike  contents 
Mask  Tun  gallons^ 

10.07  area. 
63.6  depth. 

6042 
3021 
6042 


640.452  content  in  gallons, 

BY   THE   SLIDING   RULE. 

On  A.        OnB.     On  A.        On  B. 

As  227     :     47.8  ;;  47.8  :     10.07  area. 

Again, 

As     I     :     10.07  ;;  63.6  :     640.45  content 

Note,  If  the  vessel  be  elliptical,  divide  the  product  of  the  mean 
transverse  and  conjugate  diameters  by  289,  and  the  quotient  %viU 
be  the  mean  area  in  mash-tun  gallons. 


PROBLEM  III. 

To  gauge  and  fix  a  copper  witk  a  falling  clroicm. 

Exam.  3. 

by  rule  il 
To  find  the  ar earn 

Here  48.4  X  48.4  ^  359.05  =  2346.56  -5- 
.359.05  ==  6.52^  the  area  of  the  first  section,  in  ale 
gallons;  54.6  x  54,6  -r  S59.05  =  2981.16  -f- 
.359.05  =  8.30,  the  area  of  the  second  section;  57.6 
X  57.6  -^  359.05  =  3317.76  -r  359.05  3=  9.24, 
the  area  of  the  third  section ;  59.2  X  59.2  -7-  359.05 
=3  3504.64  -^  359.05  =  9.76,  the  area  of  the  fourth 
section;  56.8  X  56.8  -s-  359-05  =  3226*24  ~ 
359.05  =  8.98,  the  area  of  the  fifth  section ;  and 
54.4  X  54.4  -r  359.05  =  2959.86  -^  359.05  = 
8.24,  the  area  of  the  ^th  section. 
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BY  THX  SLIDING  Rt7LE. 


On  A. 


As  359.05 


OnB. 

6.52  first  section. 
8.30  second  section 
9-24  third  section. 
9.76  fourth  secdon. 
8.98  fifth  section. 
8.24  sixth  section. 


Having  found  the  areas  of  the  different  sections, 
both  by  the  Pen  and  the  Sliding  Rule,  in  order  to 
prove  the  work ;  the  dimensions  and  areas  will  appear 
in  the  Note  Book,  as  below, 

NOTE  BOOK. 


A.  B*s  Copper,  No.  2,  ^ 
Jan.  23,  1821. 

gauged 

Divisions 

in 
Inches. 

Depths 
fk-oin  the 
Bottom. 

Mean 
Diameters. 

Areas. 

8.4 

34.2 

54.4 

8.24 

6 

27 

56.8 

S.98 

6 

21 

59.2 

9'7Q 

6 

15 

57.6 

9.24 

6 

9 

54.6 

8.30 

6 

3 

48.4 

6.52 

To  find  the  content. 

Here  6.52  x  6  =:  39.12  ale  gallons,  the  content  of 
the  first  6  indies  fraai  the  bottom ;  8.30  X  6  = 
49.8O,  the  content  of  the  second  6  inches;  9.24  X  ^ 
=  55.44,  the  content  of  third  6  inches;  9.76  X  ^ 
=  58.56,  the  content  of  the  fourth  6  inches ;  ^.9^  X 
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6  =  53.88,  the  content  of  the  fifth  6  inches ;  and 
8.24  X  8.4  =  69.216,  the  content  of  the  last  8.4 
inches  of  the  depth ;  hence  39.  12  +  49.8  +  55.44 
+  58.56  +  53.88  +  69.216  =  326.016  ale 
gallons,   the  whole  content  of  the  copper. 


PROBLEM  IV. 

To  gauge  and  fix  an  under'^back. 
Exam.  2. 
by  the  pen. 

Here  38.6  x  38.6  =  1489-96,  the  square  of  the 
mean  diameter;  and  1489-96  -i-  S59.05  =:  4,149, 
the  area  in  ale  gallons ;  then  4.15  x  32.4  =  134.46,' 
the  content  in  ale  gallons. 

BY  TUB  SLIDTNO  llULE. 

Ta^nd  ike  area. 

On  A.      OnB.      On  A.     OnB. 
As    359.05    :    38.6   :;   38.6   ;   4.15  area. 

To  find  the  content. 
On  A.        OnB.      On  A.       OnB. 
As    1      ;    4.15    ::    32.4    :    134.46  content. 

Exam.  3. 

BY  THE   PfiN. 

To  find  the  area. 
Inches. 
58.6  transverse  diameter. 
40.4  conjugate  ditto. 

2344 
^344 

559.05)2367.44;6.593  ale  gallons. 
215430 

213140 
179525 

336150 
32314.5 


130050 
107715 

^2335 
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To  find  the  cantenim 

Ale  Gallons, 

6,59  area. 
28.6  depth. 


3954 
5272 
1318 


188. 474  content 


BY  THE   SLIDING   RULE. 

~  Tojfind  the  area. 
On  A.      OnB.       On  A.    OnB. 

As  359.05   :  58.6  ::  40.4  :  6.59  wca. 

Tojind  iJte  content. 
On  A.      OnB.      On  A.      OnB. 
As    1     :   6.59   ::   28.6   :    I88.47  content 

PROBLEM  V. 

To  gauge  and  fix  a  rectangular  back  or  cooler. 

Exam.  2. 

by  THE  PEN. 

Ale  gallons. 

28.25  area. 
6.4  depth. 

11300 
16950 

180.800  content. 


BY  THE  SLIDING  RULfi. 

On  A.     OnB.       On  A.      OnB. 
As    I   ;    28.25    ;:    6,4    ;    180.8  ale  gaUow 
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Exam.  3. 
by  the  pen. 

Here  98.3  X  74.8  =  7352.84,  the  area  in  inches  ; 
and  7352.^4  -^^  28«  =  26.073,  the  area  in  ale  g^* 
Ions;  then 26.07  X  7.2  =  187-704,  the  content  in 
ale  gallons, 

BY  THE  SLIDING  RVLS. 

♦ 

On  A.      OnB.       On  A.     OnB. 
As    282    ;    98.3    ::    74.3  ;    26.07  area. 

And, 

On  A.        OnB.         On  A.       OnB. 
As    1     :     ?6.07    :;     7.2     •     I87.70  content. 


PROBLEM  VI. 

To  ^auge  cmd  fix  a  guile-tun  in  the  form  tf  ike 

frustum  of  a  cone. 

Exam.  2. 
Contents. 

Ak  gallons* 

115.0  firsk  lOinchesv 

122.1  second  10  inches. 
131.4  third  10  inches. 

13.14  X  2.4  t=    31.536  upper  2.4  inches. 

iS98.033  Ans, 
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GAvezva  ASH  jixnrc      (pa&t  n.) 


Exam.  & 
Areas, 

Having  found  the  area  corresponding  to  eadi  di*- 
meter>  in  the  Table  of  Ale  Areas^  the  dimfmmom  and 
areas  will  appear  in  the  Note  Book,  at  below. 

NOTE  BOOK. 


A.B:s  Guile  Tun,  No.  ^,  gauged 
Feb.  ZOtk,  1821. 

Divisions 
in 

Depths 
fh)m  the 

Mean 
Dia. 

Areas. 

Iwh€8. 

Bottom. 

meters. 

8 

34 

57.2 

9.11 

10 

25 

55.8 

8.52 

10 

15 

5SS 

7.88 

10 

5 

51.1 

7.27 

, 

BY  THE  SUniNG   RULE. 

OnD.    QnC.    On  D.        On  C. 

9.11  ^ivtfa  aectiiin. 
8.52  third  secticHi. 
.  .88  second  section, 
7.27  first  section. 


As  18.95 


OnC.    OnD.        On 

•1  ••  J^fi-Sf   ,   18J 

(51.1)      17^ 


9.11  X  8  = 


To  find  the  content. 

Gmtenla. 

Ale  gallons. 

72.7  first  10  inches. 

78.8  second  10  inches. 
85.2  third  10  inches. 
72.88  upper  8  inches; 


309.58 'whole  content 


Z     (SXCT.  X.)       VICTOAUBBS^  UTKV8IL8. 
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PROBLEM  VII. 

To  gauge  and  fix  a  circular  guile-tun^  with  curved 

eidesm 

Exam.  S. 

Contents. 

Ale  gaUans, 

47.76  first  8  inches- 
54».80  second  8  inches. 
63.04  third  8  inches. 
52.7^6  upper  6.4  inches. 


8.24  X  6.4  = 


218.3S6  whole  content 


Exam.  3. 

Having  found  the  area  corresponding  to  each  dia^ 
meter,  in  the  Table  of  Ale  Areas,  the  £mensions  and 
areas  will  appear  in  the  Note  Book,  as  below. 

NOTE  BOOK. 


A»EJs  Guile  Tun,  No.  ^, gauged 
March  20th,  1821. 

Oivisioiis 

in 
Inches. 

Depths 
from  the 
Bottom. 

Mean 

Dia. 

meters. 

Areas. 

10 

87 

29.8 

2.47 

8 

28 

31.5 

2.76 

8 

20 

32.6 

2.96 

8 

12 

31.2 

2.71 

8 

4 

28.4 

2.25 

/ 


P2 


IM 


^AVGTKa  Aim  TtXIVa         (?AUT  vx.) 


BY  THE  SLIDING  RULE. 


On  A.        QnBL       On  A.        On  6. 


As  359.05 


• » 


2.47  fifth  sectioD. 
fourth  sectioiL 
third  aectioD. 
seccMtd  sectioiu 
first  sectioa 


BT  THB  PEN. 


To  find  the  contentm 
Areas.    Depths.    Contents. 


Ale  gallons 

.    Inches. 

Ale  gallons. 

2.25 

X    8    =^ 

18.00  first  diviskxi. 

2.71 

X    8    = 

21.6a  second  divisioiu 

2.96 

X    8    = 

28.68  third  divisioii. 

2.76 

X     8    = 

22.08  fourth  divisKMi. 

2.47 

X  10    = 

24.70  fifth  divisaon. 
110.14  whole  content. 

BY  THE  SLIDING  RUL& 


On  A.     On  B. 


Asl 


OnB. 

18  00  first  xKvision. 
21.63  second  divisioa. 
23.68  third  division. 
22.08  fourth  divisioD. 
24.70  fifth  division. 


110.14  ifhole  content 
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PROBLEM  VIII. 

To  gauge  and  JU  a  guiU^tm  in  the  form  of  the 
frustum  of  an  elliptical  cone. 

£XAH.  2« 

Contents. 
Ale  gallons. 

24.1  first  10  inches. 
SSA  second  10  inches. 
4.57  X  3.4  =  14.858  upper  3.4  inches. 

72,358  whol^  content. 
Exam.  3. 

BY  THfi  PEN. 

To  find  the  area* 

Here  49.6  x  37-8  •?-  ZSgM  =  1874.88  -4-  359.05 
=  5.221  ale  gallona,  the  area  of  the  first  section  ;  55.4 
X  41.7  -r  359.05  =:  2310.18  -r  359-05  =  6.434  ale 
gallons,  the  area  of  the  seccnid  section ;  6l.6  x  46.2 
^  55905  =  2845 92  -r  359.05  =  7-926  ale  gallons, 
the  area  of  the  third  section ;  and  67.3  x  50.5  -^ 
559-05  =  3398.65  ^  859.05  =  QA^S  ale  gallons,  the 
area  of  the  fourth  section. 

BY  THB  SLTDtNG  RULE. 

On  A.     OnB.        On  A.        On  B. 

5.22  firet  section. 
A  «  ?  ^50  05  •  J  ^^'^  L  •  •  J  '^^  -7  r  .  J  6.43  second  section. 

47  fourth  section. 

The  dunensions  and  areas  will  appear  in  the  Note 
Book,  as  Delow. 

P3 
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NOTE  BOOK. 


I  A.  F:s  Gtule  Tun,  No.  2.  gattged 
AprU  nth,  1821. 


in 
IncheSi 


10 
10 
10 
10 


Depths 

fipom  the 

Bottani. 


35 

25 

15 

5 


Tnuosvene  and 
Conjugate 


9-47 

6.43 
5.2£ 


1 


To  find  the  content. 

Contents. 

Ale  gallons. 

52.2  first  division. 

64.3  second  division. 
79.3  third  division. 
94.7  fourth  division. 

290.5  whole  content. 


PROBLEM  li. 

To  gauge  and  fix  a  guUe-tun  with  an  ellipticai  batt 

and  a  ciradar  top^  generally  caUed  a  cylindroid. 

ExAif .  2 . 
Contents. 

Ale  gallons. 
46.4  first  10  inches. 
39.8  second  10  inches. 
3.35  X  6.7  =  22.445  upper  6.7  inches, 
108.645  whole  content. 
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\ 

Exam.  5. 
BY  THE  pen- 
To  find  the  area. 

Here  62.7  X  55.4  ^  S59.05  =  S47S.58  -^  359.05 
=  9*674  ale  gallons,  die  area  of  the  first  section  ;  58.8' 
X  5S.6  -r  359.05  =  3151.68  4-  359-05  =  8.777  ale 
gallons,  the  area  ci  the  second  section ;  54.9  X  51.8 
-r  359.05  =  2843.82  4-  359.05  =  7-920  ale  gaUons, 
the  area  of  the  third  section;  and  50.8  x  49.7  -r- 
359,05  =  2524.76  —  35905  =.  7-031  ale  gallons,  the 
area  of  the  fourth  section. 

BY  THE  SLIDING  RULE. 

On  A.     OnB.        On  A.        On  B. 

9.67  first  section. 

Ac  ^fiQ  nfi  •  J  •'"•"  S.  •  •  ^  •'^•"  S.  •  J  8.78  second  section. 
As  359.05  .<  «An>  •.<  «t  c  >.  <nr.92  third  section. 

.03  fourth-aection. 

The  dimensions  and  areas  will  appear  in  the  Note 
Book,  as  below. 

NOTE  BOOK. 


A.G.'s   Guile  Tun,    No.  2,    gauged\ 
April  IStk,  1821. 


Divisionsi 

in 

Inches. 


Depths 
from  the 
Bottom. 


Transverse  and 
Conjugate 
Diameters. 


10 

35 

10 

25 

10 

15 

10 

5 

Areas. 


7.05 

7.92 
8.78 
9.67 


IM  ttAVoiMc  AMB  nxmc      (past  vl) 

Contents. 
Ale  gallons. 

96*7  first  division. 
87.8  second  division, 
79*2  third  division. 
70.3  fourth  divi&ion. 

S34.0  whole  content. 


PROBLEM  X. 

To  gauge  andjix  a  guile-twi  in  the  form  of  thefruh 

turn  of  a  equare  pyramid* 

Exam.  2. 

Contents. 

Jle  gallons, 
39,1  first  10  inches. 
57.9  second  10  inches. 
8.S8  X  7.8  =  65.364  upper  7.8  indies. 

162.364  Ans. 


EzAic  3. 

BY  THE  P£N. 

<  ^^  • 

To  find  the  area. 

Here  49<d  X  49.2  -7-  282  =  24£0:64  -4-  282  - 
8.583  ale  gallons^  the  area  of  the  first  section  ;  5fiS 
X  52.3  -7-  282  s=  2735.29  -7-  282  =  9*699  ale  gallon.s 
the  area  of  the  second  section  ;  55.2  x  55.2  -7-  282  = 
3047.04  -7-  282  =  10.805  ale  gallons^  the  area  ci  the 
third  section ;  58.4  x  58.4  -r  282  =  3410.56  -7-  ^^^ 
=  12.094  ale  gallons,  the  area  of  the  fourth  secuoo ; 
and  61.2  X  61.2  -r  282  =  3745.44  -h  282  =  lS.2fii 
ale  gallons,  the  area  of  the  fifth  secti^m. 
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BY  THE   SLIDING  RULE. 


,OnD.    OnC.    On  D. 

152.3/      \  9. 

As  16.79 : 1 ::  <55.2>  :  Jio, 

158.41        J 12. 
{61,2)      f^lS: 


OnC. 

58  first  section. 
70  second  section* 
81  third  section. 
09  fourth  section. 
28  fifth  section. 


The  dimaisions  and  areas  will  appear  in  the  Note 
Book^  sm  below.     . 

NOTE  BOOK. 


A.  Cs.  GuiU  Tun,  No.  2 
March  6th,  1821, 

,  gauged 

Divisions 

in 
Inches. 

Depths 

from  the 

Bottom. 

Mean  Sides. 

12 

46 

61.2 

13.28 

10 

35 

58.4 

12.09 

10 

25 

55.2 

10.81 

10 

15 

52.3 

970 

10 

5 

49.2 

8.58 

1S.28  X  12  = 


To  find  the  content. 
Contents. 

Ale  gallons. 

85.8  first  10  inches. 

97.0  second  10  inches* 
108.1  third  10  inches. 
120.9  fourth  10  inches. 
X59S6  upper  12  inches^ 

571*16  whole  contents 


188  CAtromc  AN©  rixiK^.       (pak  vi.) 


PROBLEM  XII. 

The  method  ofgvaging  by  tubs. 
Exam.  3. 

BY  THE  PKN. 

By  Rule  11. 

Inches. 

^5.6  diameter. 

25.6  ditto. 

153  6 
1280 
512 
655.36  square  of  diameter. 

22.7  depth. 

458  752 
131072 
131072 

XKvisor  359)14876,672(41.439  Ans. 
1436 


516 
359 

1576 
1486 

1407 
1077 


3302 
3231 

71 


(s£CT;zO        VICTUALEXa^  9TENSIL&.  l69 

fY  THK  SLIDINa  RUL£* 

By  Ruk  IT. 

OnD.       OnC.      OnD.    On  C. 

As  18.95   :  22.7  : :   25.6  :  41.44  content. 

BT  THE  PEN. 

By  Rule  III. 

Inches. 
45.3  transverse  diameter. 
S6.S  ooDJugate  ditto. 

362  4 
2718 
1359__ 

1667.04  product. 
12.7  aep<h. 

1166928 
33340  8 
166704 

Divisor  359)^1171.408(58.973  Ans» 
1795 

3221 
2872 

3494 
3231 

2630 
2513 

1178 

1077 

101 
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ITt  GAMOK  MMB  nxn»  {ttMt  Tl ) 


ObA.    ObIL     O&A.    On  B. 


And, 
As    1    :  4u64  ::  12.7  ;    58^  content 


PROBLUf  XllL 

To  dabiH  Afkmi0mt  mfmOtaUtrM'  worm  worL 


CASE  L 
9Fhem  tkt  mmi€r  if  warm  gdhms  are  Immnu 

Af  StAiradiim.  By 


GmOtmt.                             GaOimt. 
8S5.6                                 Zfti.9 
9StJ56  .9 

SOS/Mi<M.  MS.04  Am. 


Ai 


BY  THE  SLIDintt  ftULE. 


On  A.      QnB.        On  A.        On  B. 

As  1.11    :   1    ::   «5.6  :   wsgaami. 


CASE  Ih 

When  the  area  of  the  fixed  utensil^  and  the  depth  of 
the  liquor  are  known^  6iff  not  the  number  of  warm 
gallonim 

Exam.  ?• 

BY  THB  PfiK* 

Aie  gaibmt, 

S1160 
15870 

Divisor  1 .1  l)179-8S5(lffi2.086  Anf. 
Ill 

ms 

666 


400 

38S 

TIto 

m 

vt  nm  suMNa  rolb. 

On  A,       On  a       On  A.       On  Ik 

As  Ml     ;     sa.45    ::    6.8     :     |6i.04  4ns, 

EziM.  3. 

BY  THB  PSN. 

'Here  4^9  X  8  s  89^  tke  ami  of  the  fini  stedcn 
multiplied  by  ite  depdi;  and  &M  x  7*4  s  88.85>  tlif 
strea  of  the  second  section  multiplied  by  its  diplh  ;  then 
^9-2  +  88.85 -r  1.11  =  78.05  -r  141  =?  70.815  a\e 
gallons,  the  answer  required. 


ITS  GAUGIXe  AVD  FIXING  (PAKT  TI.) 

BY  THE  SLIDING  RULE. 

CASE  III. 
¥Fken  the  warm  wart  is  in  a  circular  b^tub. 

Exam.  2. 

by  the  sliding  rule. 

OnD.      OnC.      OnD.        On  C. 
As    20     ;     23,6  ::    27.8     ;     4S.6  ale  gaUau. 


PROBLEBf  XIV. 

Given  the  tap  and  bottom  diameters^  and  the  perpen' 
dieuiar  deptk  of  a  vessel  in  the  farm  of  the  fm- 
turn  cj  a  canej  to  determine  the  intermediate  dio- 
meters,  at  any  assigned  depth. 

Exam.  2. 

„       58  —  42      16  ^      ^ 

***        35      ^35  ^      "^^       common  factor  or 

multiplier ;  then  58  -  5  x  .457  =  58  —  2.285  = 
55.715,  the  diameter  at  5  inches  Gcom  the  bottom; 
58  -  10  X  .457  =  58  -  4.570  =  53.430,  thedia- 
meter  at  10  inches  from  the  bottom ;  58  —  15  x  .457 
=  58  -  6.855  =  51.145,  the  diameter  at  15  inches 
from  the  bottom ;  58  —  20  x  .457  =  58  —  9.140  = 
48.860,  the  diameter  at  20  inches  from  the  bottom  - 
58  —  25  X  .457  =  58  —  11.425  =  46.575,  the  dia^ 
meter  at  25  inches  from  the  bottom ;  and  58  «-  30  x 
.457  5=  58  —  13.710  =  44.290,  the  diameter  at  SO 
inches  from  the  bottom. 


PROBLEM  XV. 

Given  the  top  and  bottom  diameters^  and  the  perpen^ 
diaUar  depth  of  a  vessel  in  the  farm  of  the  frus* 
turn  of  a  semi'spherej  to  determine  the  intermediate 
diameters^  at  any  assigned  depth  frwn  the  top  of 
the  vesseL 

Exam.  2. 

To  find  the  diameter  of  the  sphgre, 

unit              1.         18*   -    (12*  +    8«i 
By    Rule    I,,,    we    hav* i X^ — £  a 

jg -'  :=   — g =  -^  «  7^5  Inch, 

€s,  the  distance  of  the  boltioiii  4iimeUr  of  tbefruiittn^ 
from  the  cei>tve  oS  xbfi  sfbeie^ 

2  V^37&5fi»^  :sr  19.4  X  ^  =:;  3«.S  inchea,  the  dia% 
meter  of  the  sphere. 

To  find  the  height  ^  the  eegmeni. 

By  Rule  IL,  we  have  1^4  --  (»  +  1M)  t=  19,4 
—  15.Sa  ae  4.15  mobe%  the  height  of  the  segment. 

To  find  the  intermediate  diameters. 
By  Rttle  nL»  we  have  2  V^(3M  ^  5.1^)  x  5>U 

^  \/s3^5 X  545  » t  ^"173^975  =:  is.i6x^ safesg 

nch«a,  the  diameter  at :(  inch  finxn  the  top  of  tha 
iriven  vesseK 


A«aiB^8M/(M.8 -  615) x  6-15 5=  *  V5g.6* x  ftia 

=r  58  V^d00.7974=s  14«17  X  S  »  $8^4  ittcbe^  the  di^t 
neter  at  2  inches  fnyea  the  top  of  tdk  J^mL 

Qa 


TL: 


-7-iajXT-L»=ff 


X  7«i' 


tfaedb. 


%    Mr    I, 


7J^  -   (l^  +  15^, 


MX2 


M 


24 


*   % 


sa< 


^ijM  =«  %^]€9r#H9=r:33LlSx  2  =  6KS6iKte 


=  « 
2 


Tm/miikkagld  «f  <fte 


n. 


=ril 


tltt  In  jgKl  «f  dv  s^ 


III,^ 


X  4a  =  « 


2^(«L26  -  4.1JX41.  =  2 
=  1^96  X  «=S1# 


1  inck  fion  the  top  of  tbe 


2  \/(CK£6  -  5ul)  X  5l1 

ITtf  X  2 
from  tnp^ 


=  2  V^6l  J6  X 


2  %^S114»l6 

it2 
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Again,  2  \/ (66:26- 6.1)  x  6.1  =  2  y/60.l6  x6.1  = 

^S66.ff76  =  19.15  X  2  =  38.S0  inches,  the  dia. 
meter  at  3  inches  from  the  top. 

By  a  similar  process  we  find  the  fourth  intermediate 
diameter  to  be  40.98,  the  fifth  43.40,  the  sixth  45.60, 
the  seventh  47.62,  the  eighth  49-48,  the  ninth  ^1.18, 
the  tenth  52.76,  and  the  eleventh  54.22  inches. 


SECTION  II. 

THE  METHOD  OF  GAUGING  AND  INCHING  COMMON 
BBEWEBS^  UTENSILS,  AS  PRACTISED  IN  THE 
EXCISE. 


PROBLEM  I. 

To  guage  and  inch  a  mash-tun  in  the  form  of  the 
frustum  of  a  cone^  standing  upon  its  greater  base* 

Exam.  2. 

BY  TflE  PEN. 

To  find  the  area* 

ffiches.  Inches,  Divisor.  M.  T  gallons* 
90.4  X  90.4  -r  289  =  28.277  area  of  the  Ist  section. 
88.2  X  88.2  -r  289  =  26,917  area  of  the  2nd  section. 
86.1  X  86.1  -f-  289  =  25.651  area  of  the  3rd  section. 
8S.8  X  83.8-7-289  =  24.299  area  of  the  4th  section. 
8 1 .6  X  81.6  -r  289  =  23.040  area  of  the  5th  section. 
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Tojmd  the  wiUm. 

CetUenU. 

Moik  Tun  ggtUms* 
282.77  first  divuioQ. 
269.17  second  diwiga. 
256.51  third  division. 
242.99  fourth  division. 
23.04  X  12  =      276.48  fifth  diviaicm. 

8)1827>9g  whole  content. 

8)165  bu.  7.92  gaUons. 

20  qrs.  5  bu.  7*92  gallons. 


DIMENSION  BOOK. 

From  the  question,  and  firom  the  forqroiiig  areas  and 
contents,  we  form  the  Dimension  Book,  as  beiow. 


A.B:s  Round  Mash  Tun,  No,  2.  gauged  Jtthf  20,18gl 
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> 


a 


s      e 


til 
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4.46 

oasi 

15.17 
3J.77 

7.W 
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A  TABLE 

^hemng  the  Mdkod  of  Inching  the  Mash  Tun,  given 
in  the/oregmng  Example* 


iWet 
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PROBLEM  II. 

T9  gauge  tmi  uicA  a  copper  mith  a  riting  eronm. 

Exam.  3. 
A  TABLE 

wiy  Alt  iSelhod  tf  InJmg  the  Capptr  giuH  in  Ikii 

ContenU    I  Dty 

).  F.     G.       cbes.  B 

6|  t  1 1.3678 
0  i  3.31SS 

.5  316-9956 


4  S  T.8: 

0  1  8-5583  I 
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TABLE  CONTINUED. 


In- 
ches. 
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32 
33 
34 
35 
36 
37 
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49 
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52 
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Contents 
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B.  F.    G. 
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0 
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1 
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1 

3 
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7.7148 
0.3046 

2 
0 

5^10 
4.6410 

1 
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0 
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5.9170 
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0 

0 

1 

7.1056 
0.3046 

4 
0 

1   3.0774 
1  12.8396 

1 
0 

3 

0 

6.8010 
7.7350 

A*of&  The  number  4.6410  gallons,  m  the  tiiird  line  fton  ^ 
end  of  the  above  TaUe,  is  obtauied  by  takiqg  j^  of  7.7350  gdloas, 
the  «ea  of  the  sixth  section.  (See  the  Pliuentiun  Bookt  In  tf» 
Gauging.) 
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COMMON  BREWER'S  TABLE  BOOK* 
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PROBLEM  IIL 


To  giiuge  and  inch  a  Copper  with  a  fatting  eromu 

Example. 

by  the  pen. 
ind  the  content  of  the  crown,  considering  it  as  the 

segment  of  a  sphere^ 

f  Rule  L,  Prob.  XL,  Part  V.,  we  have  29.2  x  29.2 
=  852.64  X  3  =  2557«99>  three  times  the 
re  oi  the  radius  of  the  top ;  also  8.2  X8.2  =76.24, 
q uare  of  the  depth  ;  then  (2557.92  +  76.24)  x  8.2 
\9.S6  s=i  2634.16  X  8.2  X  .5236  =  21600.112  x 
>  r=  11 039.8 18,  the  content  in  cubic  inches;  and 
9.8I8  -r-  282  =  40.105,  the  content  in  ale 
IS.   *  (See  the  Dimension  Book,  in  the  Gauging.) 
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A  TABLE 
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aAUGING  AKD  INCHING         (PAST  ^1.) 


PROBLEM  IV, 
Togimge  and  inch  a  Copper  Badt. 

EXAMPLE. 

A  TABLE 

Sharing  the  Mdhod  qf  Inching  the  Copper  Back  gka 

in  this  Example* 


Wet 

In- 

ches. 

1 
t 
3 

• 

4 

a 

6 
7 
8 

9 
10 

Contents 
in 

aF.  6. 

Wet 

In- 

dies. 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
99 

Contents 
in 
B.  F.    6. 

Wet 

In- 

ches. 

B. 

Contents 

in 
P.     G. 

1 

1 

1 

8  878 
8.878 

8.756 
8.878 

2^ 

1 

3 

3 

7.536 

8.878 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

45 

1 

3 
3 

ai94 

a878 

3 
1 

3 
3 

25 

1 

3 
3 

7.414 
8.878 

1 

3 
3 

6.012 
8.878 

5 
1 

3 
3 

8.634 
8.878 

27 
1 

3 
3 

7.292 
8.878 

49 
I 

3 
3 

5.950 
a878 

7 

1 

3 
3 

&512 

8.878 

8.390 
8.878 

8.268 
8.878 

29 

1 

31 

] 

3 

3 

3 
3 

7.170 

8.878 

51 

1 

3 

3 

5.828 
a878 

9 

1 

3 
3 

7.048 

8  878 

6.926 

8.878' 

53 

1 

55 

1 

3 
3 

5.706 
8.878 

11 

1 

3 
3 

33 

1 

35 
1 

37 
1 

39 

1 

41 

1 

43 

-2 

3 
3 

3 
3 

3 

3 

3 
3 

3 
3 

3 
3 

3 

L5 

5.584 
&878 

13 

1 

3 
3 

ai46 

&878 

6.804 
8.878 

57 
1 

8 

5.4«2 

8.878 

15 

1 

3 

3 

8.024 
&878 

6.682 
a878 

59 
1 

3 

3 

5.340 
a878 

17 

1 

3 
3 

7.902 
8.878 

7.780 
&878 

6.560 

8  878 

'\ 

3 
3 

5.218 
aSTB 

19 
1 

3 
3 

6.438 

a878 

6.316 

a878 

63 

3 

5.096 

" 

21 

3 
3 

7.658 
&878 
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COMMON  BREWER'S  TABLE  BOOK. 


A.  3:$  Cbpper  But,                     \ 

Wet  Contents  i 

Wet 

Contents 

Wet  Contents  | 

Wet 

Contents 

In. 

^     hr 

In^ 

m 

In. 

\     ^ 

hr-^ 

'     iff 

chcB. 

B.  F.  6. 

phes. 
9 

B. 

F.G. 

ChOB. 

17 

a.  F.  G. 

ches. 

IT 

a  F.G. 

1 

2 

0 

0 

17 

3 

[^ 

33 

3 

r^ 

49 

[3 

0 

2 

4 

0 

0 

10 

19 

3 

8 

IS 

35 

3 

7 

26 

51 

3 

6 

3 

6 

0 

i^ 

rr 

21 

3 

8 

Id 

37 

3 

■'7 

i  «T 

53 

3 

6 

4 

'8 

0 

fo 

12 

23 

3 

8 

20 

39 

3 

7 

28 

55 

3 

6 

5 

9 

3 

i® 

13 

25 

3 

7 

21 

43 

3 

6 

29 

57 

3 

5 

6 

III 

3 

8 

14 

27 

3 

7 

22 

43 

3 

6 

'30 

59 

3 

5 

7 

is 

3 

8 

15 

29 

3 

7 

23 

45 

3 

S 

31 

fl 

3 

5 

», 

Il5 

r3 

8 

16 

31 

3 

IT 

24 

147 

3 

6 

•32  1 

'€3^31 

5 

PROBLEM  V. 

Tb  gauge  and  inch  an  Under  Back  in  the  form  of  a 

c^Hnder* 

Example. 
A  TABLE 

Shewing  ike  Mtlhod  of  Inehmg  the  Under  Back  giden  in 

dds  Exanvple, 


iWet 

eHes. 

Contents  < 
ki 
B.  F.     G. 

Wet 

In. 

cnes. 

\ 

Contents 
in 
B.F.    G. 

Wer 

Fn- 

cfaesi 

11 

Contents^ 
in 
B.  F.     G. 

•    1 

0 
0 

1: 
1 

1.95 
1.95 

1 

0 

3 

1 

[2.70 
I  1.95 

3 

0 

1 
1 

&45 

1.95 

2 

0 
0 

2 

1 

• 

3.90 
1.95 

7 

6 

i 

2 
0 

;o 

1 

465 

1.95 

12 

3 

0 

2 

1 

,5.40' 
1 1.95' 

3 

0 
iO 

3 
1 

5.85 
1.95 

2 

10 

1 
1 

6.60 
1.95 

13 
14 
15 

3 

.0 

3 
I 

7.35. 

4 
\     5 

1 

0 

0 

1 

7.80 
1.95 

0.75 
1.95 

9 

2 

0 

3 
0^ 

2 

1 

0 

1 

8.55 
1.95 

1.50 
1.95 

4 
0 

1 

1 

0.30 
1.95^ 

1    2 

0   1 

4   2 

0  1 

2.25 

1.95 
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TABLE  CONTINUED. 


Wet 

In- 
ches. 

Cootenttf 
in 
B.P.    G. 

Wet 

In- 
ches. 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Contents 
in 

Wet 

In. 

ches. 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Coaicnts 
in 
B.  F.     G. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

4 
0 

3 

1 

4.20 
1.95 

8 
0 

8 
0 

2 
1 

3 
1 

0.60 
1.95 

2.55 
1.95 

12 
0 

12 
0 

0 

1 

1 
1 

6.00 
1.95 

5 
0 

0 

1 

6.15 
1.95 

7.95 
1.95 

5- 

0 

1 
1 

8.10 
1.95 

9 
0 

0 

1 

4.50 
1.95 

12 

0 

13 
0 

13 
0 

13 
0 

13 
0 

14 
0 

14 
0 

14 
0 

3 
1 

0 
1 

1 
1 

090 
1.95 

2.85 
1S5 

4w80 
1.95 

5 

0 

3 
1 

1.05 
1.95 

9 
0 

1 
1 

6.45 
1.95 

6 
0 

0 

1 

aoo 

1.95 

92 
0  ] 

a40 
1.95 

6 
0 

6 

0 

1 
1 

2 

1 

4.95 
1.95 

10 
0 

0 

1 

1.35 
1.95 

2 
1 

6.75 
1.95 

6.90 
1.95 

10 
0 

10 
0 

10 
0 

11 

0 

1 

1 

330 
1.95 

3 

1 

I 

1 

8.7D 
1.95 

6 
0 

3 

1 

&85 
1.95 

1.80 
1.95 

2 

1 

5.25 
1.95 

1.65 
1.95 

7 
0 

1 
1 

3 
1 

1 
1 

7.20 
1.95 

0.15 
1.95 

2 

1 

3 

1 

3.60 
1.95 

7 
0 

7 
0 

2 

1 

3 

1 

3.75 
1.95 

5w55 
1.95 

5.70 
1.95 

11 

€ 

11 
C 

2 

1 

3 
I 

2.10 
1.95 

4.05 
1.95 

15 

0 

7.50 

8 
0 

0 
1 

7.65 
1.95 
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COMMON  BREWER'S  TABLE  BOOK. 


A.B 

.'* 

Under»B(tck,                         | 

Wet 

Contents 

Wet 

Contents 

Wet 

Contents 

Wet 

Contents 

In- 

in 

In. 

in 

In. 

in 

In- 

in 

ches. 
1 

B.  F.  G. 

ches. 
14 

B.  F.  G. 

ches. 
27 

B.  F.  G. 

ches. 

B.  P.  6. 

0 

1 

2 

4 

1|  0 

8 

0|  8 

44) 

12 

0 

e 

2 

0 

2 

4 

15 

4 

2 

2 

28 

8 

2 

1 

41 

12 

1 

8 

S 

0 

3 

6 

16 

4 

3 

4 

29 

8 

31  3 

42 

12 

3 

1 

4 

1 

0 

8 

17 

5 

o;  6 

.^0 

9 

0 

5 

43 

13 

0 

3 

5 

1 

2 

1 

18 

5 

l!  8 

31 

9 

1 

6 

44 

13 

1 

5 

6 

1 

3 

3 

19 

5 

3|  1 

32 

9 

2 

8 

45 

13 

2 

7 

7 

2 

0 

5 

20 

6 

0 

3 

33 

10 

0 

1 

46 

14 

0 

8 

2 

1 

7 

21 

6 

1 

5 

34 

10 

1 

8 

47 

14 

1 

^ 

9 

2 

3 

0 

22 

6 

2 

7 

85 

10 

2 

5 

48 

14 

2 

41 

10 

3 

0 

2 

23 

7 

0 

0 

36 

10 

3 

7 

49 

14 

3 

6 

11 

3 

1 

3 

24 

7 

1 

2 

37 

11 

1 

0 

50 

15 

0 

8 

12 

3 

2 

5 

25 

7 

2 

4 

38    11 

2 

2 

13 

3 

3 

7 

26 

7    3i  6| 

39    11 

3  4| 

PROBLEM  VI, 

To  gauge  and  inch  a  rectangular  Hop  Back. 

Example. 

A  TABLE      . 

Shewing  the  Method  of  Inching  the  Hop  Back  given  in 

this  Example, 


Wet 

Contents 

Wet 

In. 

in 

In. 

ches. 

B.  F.  G« 

ches. 

1 

1 

0 

1.72 

4 

1 

0 

1.72 

2 

2 

0 

3.44 

5 

' 

1 

0 

1.72 

s 

3 

0  5.16 

6 

1 

0 

1  72  1 

Contents 
in 
B.  F.    6. 


4 
1 


5 
1 

6 
1 


0 
0 


6.88 
1,72 


0 
0 


1 
0 


8.60 
1.72 


1.S2 
1.72 


Wet 

In. 

ches. 


8 


7 
1 


8 
1 

9 
1 


Q 


1 
0 

1 
0 


fmmmtmm—tit 


S.04 
1.721 


4.76 
1.72 


6.4S 
1.72 


IBB  •Avsnw'ASD  mcanta     (r^kT^ 

TABLE  CONTINtTED. 


In- 

ta 

B.  P.   a. 

C«tat> 

in 

8.  r.  c 

Wet 

In- 

ContBdl 
B.   P.     0. 

10 

11 

IS 
13 
14 
15 

LO 
1 

0 

8^0 
1.72 

16 
17 
18 
19 
20 

16 

1 

17 
,  1 

18 
IS 

20 

I 

3 
0 

S 
0 

3 

0 

s 

0 

s 

0 

0,52 
1.72 

S.34 
1-72 

3.96 
1.72 

1.72 

7.40 
1.72 

22 
23 
S4 
25 
26 

83 
1 

oriM 
0  1.7s 

IS 

S 
0 

s 

0 

0.39 
1.72 

1-72 

84 
1 

0  t.s6 

0  1.72 

25 
1 

0 

5.S8 
1.78 

IS 

2 
0 

1.36 
1.72 

26 

1 

27 

0 
0 

0 

7.00 
1.72 

8.72 

14 

s 

0 

6.08 
J.72 

15 

s 

0 

7.80 
1.72 

22 
1 

0 
0 

0.12 
1.72 

COMMON  BREWER'S  TABLE  BOOK. 


A,  B.S  Hoi^BacL                               1 

In- 

in 

rrr- 

7" 

^"■j';"'^ 

Wet 
1  In. 

li«,t™i, 

ches 

B.  F.  G. 

chcs.  B.  F.  G. 

fhfii, 

a.F.  G 

.rhffl 

B.  F.& 

1 

fl 

1,; 

■  1*? 

1     0 

t 

H 

i,i| 

?   H 

M 

H 

I 

H 

IH 

IK 

:i  1 

fi 

31  Q  fc 

.S 

^ 

in 

11 

17 

n 

■A  it 

''* 

i5   0  S 

11 

11* 

]>■ 

«  4 

6 

1 

i 

T^ 

?0 

ly 

■i  e 

317 

!« 

*T   i  0 

7 

■' 

1 

3 

11 

IPl 

S!|0l0 
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To  Jmd  the  depth  to  he  allowed  for  hop*,  faU% 

bottom^  i(c. 

Example. 

solution  by  the  pen. 

Here  114x  84  :r  9576  square  inches,  the  area  of 
the  base  of  the  hop-back ;  and  9576  X  15.5  =  148428 
nibic  inches,  the  content  of  the  liquor,  hops,  and  fiilsa 
yottam,  in  the  hop-back. 

Again,  152x  126=  19152  square  inches,  the  area 
f  the  base  of  the  cooler ;  and  19152  X  7  =  134064 
ubic  inches,  the  content  of  the  liquor  when  drawn  off 
ito  the  cooler. 

Now,  148428  -  134064  =r  14364  cubic  inches,  the 
ontent  of  the  hops  and  false  bottom;  then  14364  ^ 
576  =1.5  inches,  the  deduction  that  must  be  made 
I  the  depth,  when  a  gauge  of  wort  is  taken  in  the 
)p-back. 
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GAUGING  AKD  INCHING  (PAET  TI.I 


PROBLEM  TIIL 

To  gauge  and  inch  a  Guile  7tm,  tii  the  farm  of  a 

parcUtelopipedofu 

KXAMPLE. 


A  TABLE 

Skewing  ike  Method  of  Inching  the  Guile  Tun^  given 

thie  Example. 


In- 
ches. 

FoU 
1 
2 
3 
4 
S 
6 
7 
8 

Cootents 
in 

B«  Fa      G* 

Dry 
In- 

Jits. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

CoDiento 
in 
B.  F*    G. 

Diy 
In- 

chea. 

Contents 
in 
B.F.     G. 

55 
0 

3 
3 

7.344 
0.977 

48 
0 

0 
3 

6.574 
0.977 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

40 
0 

I 
3 

5.804 
0L977 

55 

0 

0 
3 

6.367 
0.977 

47 
0 

1 
3 

5.597 
0.977 

30 

0 

2 
3 

4.827 
0.977 

54 

0 

1 
3 

5.390 
0.977 

46 
0 

2 
3 

4620' 
0.977  j 

38 
0 

3 
3 

3.850 
0.977 

53 
0 

2 
3 

4413 
0.977 

45 
0 

45 

0 

^^ 

44 
0 

3 
3 

0 
3 

1 
3 

3.643 

0.977  j 

38 
0 

0 
3 

2.873 
0.977 

52 

0 

3 
3 

a4S6 
0.977 

2.666' 

0.977 

37 
0 

1 
3 

1896 
a977 

52 
0 

0 
3 

2.459 
0.977 

1.689 
0.977 

36 
0 

2 
3 

a919 
0  977 

51 
0 

1 
3 

1.482 
a977 

43 

0 

2 

3 

a712 
0  977 

8.735 
a977 

35 

•0 

2 
3 

8.942 
0.977 

50 
0 

2 

3 

a505 
0.977 

42 

0 

2 
3 

34 

0 

3 
3 

7.965 
a977 

6.968 
0.977 

49 
0 

2 

3 

8.528 

a9n 

41 

0 

41 

0 

3 
3 

0 
3 

7.758 
0.977 

34 

0 

0 
3 

9 

483 
OS 

7.551 

0977 

6.781 
a977 

53  1 

0 

6.011 
0.977 
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TABLE  CONTINUED, 


m*» 


Contents 


[n. 
ties. 

ioT 
n 

3 

4 


Contents 
in 


Dry 
In. 


in 


B.  F.   G.        ches.  B.  P.    G. 


32 
0 

31 
0 

31 
0 

30 
0 

29 

0 

28 
0 

27 
0 

27 
0 

26 
0 

25 
0 

24 
0 


S 
3 

3 
3 

0 
3 

1 
3 


24 

0 

23 
O 

22 
O 

21 

O 


3 
3 


5.0a4|    45 
0.977 


4.057 
0.977 


3.080 
0.^77 


"r«- 


20| 
0 


2.103 
0.977 


1.126 
0.977 


0.149 
0.977 


8.172 
0.977 


7.195 
0.977 


6.218 
0.977 

5.241 
0.977 

4.264 
0.977 


0 
3 

1 
3 


2 
3 

3 
3 


3.287 
a977 


2.310 
0.977 


46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 


3 
3 


[20 
0 

19 
0 


0 
3 

1 
3 


18 
0 

17 
0 


17 

0 


16 
0 


8.379 
0.977 


Dry 

In- 

ches. 


Contents 
in 
B.  P.    G. 


7.402 
0.977 


6.425 
0.977 


15 

0 

14 
0 


5.448 
0.977 

"4471 
0.977 

3.494 
0.977 


13 
0 


13 
0 


2 

3 

3 


2.517 
0.977 


1.540 
0.977 


1.333 
0.977 


0.356 
0.977 


58   10 
0 


12 
0 


0563 
0.977 


8.586 
0.977 


1 
3 


7.609 
0.977 


11  2 
0  3 


59 


10 


6.632 
0.977 


5.655 
0.977 


60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


9 
0 

8 
0 


1 
3 


2.724 
0.977 


1.747 
0.977 


63 


6 

0 

5 
0 

"4 
0 


3 

0 

3 

0 


0 
3 

7 
3 

2 

3 


0.770 
0.977 


a793 
0.977 


3 
3 

0 
3 


7.816 
0.977 

6.839 
0.977 


5.862 
0.977 


2 
0 

1 
0 


4v678 
0.977 


01  3.701 


0  3    0.977 


4.885 
0.977 


a908 
0.977 1 


2.931 
0.977 


0 
0 


1.954 
0.977 


0.977 
0.977 
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PROBLEM  IX. 

To  gauge  and  inch  a  GuiU  Tun  m  the  form  of  the 
frustrum  of  a  eane,  and  make  an  allowance  for  the 
drip  or  fall. 

Exam.  1« 

A  tabu: 

Shewing  (he  Method  of  tabulating  the  Guile  Tun  given 
in  this  Examfle^  far  Dry  Inches. 
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PROBLEM  XI. 

To^auge  and  inch  an  elliptical  Ouile  Tun,  am/ 
fiiaAre  an  allowance  for  the  fall  ordripm 
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(fait  ^i.) 


Exam.  1. 


Bov  64y8  X  542  -7-  359u05  =  551S.16  -r-  ^0^ 
=  9>7S18,  die  an  of  die  int  MCtaan  ;  67-7  X  i6i 
«r-  S3!M)5  =  3M5l36  -^  559.05  =:  lO.7098«  ^«b 
of  tke  WBBtmd  WBOaaai  7a4  x  59-7  -=-  359.05  = 
43Q2JS  -=-  S59J05  =:  11.7055^  die  aBreaof  thetfainl 
HKtioB  ;  7S^  X  G2i>  -r-  35905  =  4601.10  -^  S5^0» 
=r  12^146;  tke  jRaof  diefixndi  aecdoo;  and  7^ 
X  C5LS  4-  S59L05  =  4975.86  -r-  3^.05  =  15i584 

fifth 


PROBLKM  XIL 
1^  AfliI  frmm  Oummum  Brewen"  wsm 


£xAJi.  2. 


B. 

F. 
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65 
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{■Ktofm  gdloB,  in  the 
A  •mrifay  to  Note  S,  in  tfae  GMfim. 


(0SCT.  n«)     COMBiOV  BftAWnt^  UTENSILS.  tQ9 


Exam.  3. 

10)29    3     8  warm  ^uge. 
3     0    0  deduction. 


krt^kM^«k^iM«MH4|* 


26    3    8  Ans. 


Koie»    According  to  the  obatnration  In  Note  2,  of  the  Gauging, 
the  deduction,  in  the  last  Example,  becomes  exactly  3  barrels. 


T3 


•i         • 


910  .    CASK  6A0GIKO.  {JSAt  n) 


SECTION  III. 

THI     MBTHOD    OF     OAUOINO    AND      ULLAOIKO     CASUi 
AS   PRACTISED   IN  THE  EXCISE. 

CASK  GAUGING. 


# 


PROBLEM  III. 

To  guag€  nnd  fix  a  catk  of  the  first   variety^  » 

practised  in  the  Excise* 

Exam.  ^ 

By  Rule  f. 

Bung  diameler  ..« •....••     50.9  inchei^ 

Head  diameter  « ...^r...    24.6  inches. 

Difference .Mf, a.m*       6,3  inches. 

Multiplier .7 

Product •« «    4.41 

Head  diameter »«...%.^.  24.6 

Mean  diameter .^t^.^..  29.01  inches* 

Dittfi * 2901  inches. 

2901 
261  (« 
5802 

841.5804 
4&7 

58910607 
50494806 
88668204 

Pivlsor  85^.05^89801.79037(109.460  ale  giQpBi. 


($«CT.  Uh)  CASK  OAUftlVC.  SIl 

Also,  moi.19067  -7-  S94vl2  ss  IS3M5,  the  con- 
tent in  wine  giaUoQs. 

BY  THE   SLIDING  RULE. 

The  difference  between  the  head  and  bung  diame- 
ters is  6,S  inches ;  against  this  number  on  the  line  of 
inches,  we  have.  4^4  on  die  line  marked  spheroid, 
which  being  added  to  24.6,  the  head  dniraeter,  gives 
29  inches,  for  the  mean  diameter.    Then, 

OnD.     OnC.    On  IX  On  C. 

As  P^'^^X  •  46T  ••  2ti0  •    f  109.4  ale  gillons. 
^*  llW5jf  •  *^-7^--  ^-^  •  \  123.6  wme  gallons. 

Exam.  5. 

)ung  diameter  ..«•.».....,... 26.2  inches^ 

lead  diameter 24.4  inches. : 

difference  ,.^ .....•.••       4.8  inches. 

flultiplier  •...•...• •..«••...•«..•.••      ^6S 

^84 
288 

'roduct  ^.........^ ;i. 3^64 

lead  diameter. ...... ..w...« 21.4 

lean  dianaeter  ...••• 24.664  incher. 

The  areas  answering  to  the  mean  diameter  24.  T 
iches,  are  1.6991  ale,  and  2-0743  wine  gallons ;  then 
S99I  X  ^2.5  =  55.220,  the  eontent  in  ale  gallons  j 
Qd  21.074s  X  32i.5  =  67.414,  the  content  in  wine 
allons. 

BY  TUJC  SUDINO  RULE. 

The  difference  of  the  diameters  is   4.S   in^hti^;^ 


3XS  CASS  OAtCCtKtt.  (»A&T  ¥1.) 

agiiaH  Aii  nambtr  on  die  line  of  ific&es,  we  find 
3.34,  on  the  line  marked  tpheroid,  which  being  added 
to  21.4»  the  head  diameter,  gives  24.74  inches,  for  the 
mean  diameter.    Then, 

OnD.      OnC.    On'D.        ChiC. 

Ai  { J5?n  :  s^ ::  M.74 ;  H^-^ *^? s^^T* 

1 17.153  '•        '     •    (^07.4  wine  gaUons. 

Exam.  4. 

Here  Sd.4  '—  19.6  =  3.8  inches,  the  diflerence  of 
the  diameters ;  and  3.8  X  .68  =  2.584 ;  then  19.6  + 
2.584  =  22.184  inches,  the  mean  diameter.  The 
areas  corresponding  to  22.2  inches,  are  1.3726  ale,  and 
1.6757  wine  gallons;  then  I.S726  x  27-7  =  38.021, 
the  content  in  ale  gallons;  and  1.6757  x  27.7  =1 
46.416,  the  content  in  wine  gallons. 


BY   THE    SLIDING   RULE. 

Here  theMl5ffiftrence  of  the  diameters  is  3,S  »|ches: 
i^inst  this  litttnber  on  the  line  of  inch^,  we  have 
2.65  ^n  the  litie  marked  spheroid  ^  and  29.^  -f  2.65 
=  22.25  inches,  the  mean  diameter.    Then^ 

OnD.      OnC.    OnD.         OnC. 

i  17.151   •     '  •  ••  •    I  46.4  wine eall«n& 


^CT.  III.)  CASK  GASGl^a,  SIS. 


PROBLEM  IV. 

o  guage  and  fix  a  cask  of  the  second  variety^  a$ 

practised  in  the  Excise* 

ExAii.  2. 
3if  Rule  I. 

»ung  diameter  .# ^ .SO.9  inches. 

[ead  diameter  • «^....     24.6  inches. 

Hfference ..•..,««.•       6,3  inches* 

iultiplier  MM*  ••# m*-**,*^ ^ 

878 

Product  •• ; «.h 4.052 

lead  diameter ^ ••  2460O 

lean  diameter  .  ..•«. ,^ 28.632  inches. 


Then  (28.632  X  28.632  X  46.7)  -r-  359.05  = 
319791424  X  46.7)  -f-  359.0a  =  38284.2595008  -r- 
59.05  =  106.62654^  Uie  content  in  ale  gallons ;  and 
8284.2595008  -r  294.12  =  130.16544,  the  contend 
1  wine  gallons. 


BY   TU£    SLIDING   RULK. 


Here  the  difference  of  the  diameters  is  6,3  inches  ; 
gainst  this  number  on  the  line  of  inches,  we  find  4.0 
m  the  line  marked  2nd  Variety  ;  and  24.6  -|-  4.0  = 
;8.6  inches^  the  mean  diameter.    Then, 

OnD.      OnC.      On  D.      Qn  C. 

.     C  I8.95  >    .  Afi  7  . .  po  «  .    S  10^-6  ale  gaUoQs. 
^*  1 17.15/  •  *^-7  •.  «8-^  V  ( 130.1  winegatlonsi 


fl4f  CASK  CAir^XKe.  (fjuttl) 

Exam.  3. 

Here  26.2  —  21.4  =  4.8  inches^  the  difference  &  l 
die  diameters;  and  4.8  x  .62  =  2.976;  tiien2U  + 
2.976  =  24.376  indies^  ibe  mean  diametor.  Tit 
areas  answering  to  24.4  inches,  are  1.6581  ale,  aod 
2.0242  wine  ^ons ;  then  1.6581  X  S2.5  =  53.88825. 
the  content  in  ale  gaHons ;  and  2.0242  X  SSL5  = 
65.7865,  the  content  in  wine  gallons. 

BY  TH£  SLIDING  RULE. 

The  difference  of  the  diameters  is  4.8  indies; 
against  this  number  on  the  line  of  inciies,  webfre 
S.04  on  the  line  marked  2nd  Fariefy  ^  and  2L4  + 
3.04  c=  24.44  inches,  the  mean  diameter.     ThcD, 

On  D.       OnC.    On  D.  On  C 

^  518.957    *S2.5  ..2444  .  1 5S.9 ale gallim 
117.153    •  ^^  ••  ^*-**  •  165.8  winegaOM 

Exam.  4. 

Here  23.4  —  19.6  =  3.8  inches^  the  difirenoe  tt 
the  diameters ;  and  3,8  X  .62  =  2.356;  then  19^ 
-f  2.356  =  21.9^6  inches,  the  mean  diameter.  The 
areas  corresponding  to  22.0  inches,  are  1.3480  ale. 
and  1.6456  wine  gallons;  then  1.348  x  27.7  = 
37.3396,  Uie  content  in  ale  ^Uons;  and  1.6456  > 
27.7  =  45.58312,  the  content  m  wine  gallons* 

The  difference  of  the  diameters  is  3.8  indies;  op* 
posite  this  number  on  the  line  of  inches,  we  find  --^ 
on  tii«  line  marked  2n^.FarMf$f;  and  19.6  4>  S«i  = 
2S%OHipfaeB,  the  ikiean  diameter.    Then^ 


OnD.    OnC.      OnD.        On  C. 

^*  VX]  :  27.7  ::  22.0 :  {Hi'^^^'^^T 

1 17»Xo  J  •   \  45.0  wme  gallons. 


PROBLEM  V. 

To  gauge  and  Jix  a  cask  ^f  the  third  variefy,  a* 

practised  in  the  Excise* 

* 
'  Exam.  2. 

Bff  Ruk  f  . 

Here  30.9  —  ^4^  =3  6.3  inekes^  the  ^iffewnee  of 
he  diameters;  and  6.3  x  .57  ==  S.59I ;  then  24.6  + 
$.591  =  28.191  inches,  the  mean  diameter.  Now, 
'28.191  X  28.191  X  46.7)  -T-  359.05  =  (794.732481 
<  46.7)  -J-  359.05  ==  37114.0068627  -r-  359.05 
i=  103.36723,  the  content  in  ale  gallons;  and 
17114.0068627  -r  294.12  =  I26.I866I,  the  content 
n  vine  gallons. . 

iVb^.  In  sdlving  thp%  questions,  the  Rifle  given '  in  th^ 
PsDtdem  IB  called  Rule  I. ;  and  the  method  hy  the  Tables  of  Ate 
iiid  Wili&  Aafeafiy  it  denoadnlEited  RulelL 

*  .  *      ♦ 

BY   THE  SLIDING  RULS. 

As  the  third  variety  of  casks  is  not  placed  on  any 
of  the  slides,  we  must  make  use  of  the  mean  diameter 
found  by  die  multiplier ;  Hence, 

On  D.  "   On  C.     On  D.      On  C. 
^*  1 17-15/  •  ^^7  .;  «8,8  .  ^  jgg2  wkiegallons* 


S16  CASK  GAvanie.  (vabt  n.) 

SyMUkll. 

Here  S6^  —  21.4  =  4.8  inches^  the  difference  of 
the  diameters ;  and  4.8  x  .55:^2.64;  then  21.4  + 
2^  r=  24.04  inches,  the  mean  diameter.  The  areas 
Qorresponding  to  24.0  inches,  are  1.6042  ale,  and 
1.9584  wine  pUons;  then  1.6042  x  32.5  =  52.1565, 
the  content  m  ale  gallons;  and  1.9584  x  32.^  = 
6S.648,  the  content  in  wine  gallons. 

BY  tHE  SLIDING  RULS. 

On  D.       On  C.    On  D.  On  C. 

.      518.951    .  tto  «  ••  2404  .  i^^-l  *^  gallons. 
^  ll7.15f  •  ^-^  -.24.04  .   I  es.6  wine  gaUor 


ions. 


Exam.  4. 

SyRuklt. 

Here  23.4  —  19-6  =  3.8  inches^  the  difference  of 
the  diameters ;  and  3.8  X  '55  ^  2.09;  then  I9.6  + 
2.09  =  21.69  inches,  the  melm  diameter.  The  areu 
answering  to  21,7  inches^  are  1.3114  ale^  and  I.6OIO 
wine  gallons;  then  1.3114  x  27.7  =  36.32578,  the 
content  in  ale  gallons;  and  I.6OI  x  27.7  =:  44.3477» 
the  content  in  wine  gallons. 


BT  TH£  SLIQING  llCJLt. 

On  D.        On  C.    On  D.        On  a 


C3BCT.  Ilf.)  CASt  GAtmtKe.  2lT 


» 


PROBLEM  VJ. 


•  1 


To  gauge  and  fix  a  cask  of  the  fourth  variety ^  as 

practised  in  the  Excise. 

Exam.  2. 

By  KuU  i. 

3ung  dkineter , '  30:Q  inchec. 

Flcad  diameter 24.6  inches. 

OifTereiice 6.S  inches. 

Multiplier ..• 52 

126 
315 

Product .^ .;...  S.276 

HIead  diameter 24.6 

^eandiameter / 'f^.876  indies. 

Then  (27.876  X  2T.876  X  46.7)  -^  ?59»05  =» 
777,071376  >^  46.7)  -r  359-05  =x  36289-2332592  -i- 
S59.O5  s  101.0701^^^  ^h®  content  in  ale  gallons;  and 
16289.2332592  -^  29^.12  st  ^23.9824^  Ae  content  in 
vine  gallons. 

BY  THK  SLIDING  RULE* 

On  D.      On  C.     On  D.  On  C. 

^  117.15 1  ;  !*^-^  ••  ^-^  •   ||23.4  wine  gallons. 

Ay  Hide  IL 

Here  26.2  —  21.4  =  4,8  inches,  the  diftrence  of 
he  diameters;  and  4.8  x  .5  =  ^'40;  then  21.4  + 


(fabtvi.) 


«nH¥fc  KC 


ExAJi.  4. 


Hoe  2:2.^  —  I^Ui  =  3JB  mdws,  the  ififisfoice  of 
dK  iSMetERr  mASA  X  -5  =s  1^0;  then  19l6  + 
I.J  =  3IJ  md^  Ike  hob  i&netier.  The  ms 
to  chB  tfiiifii,  «e  li^4  ale,  md  1 J717 
feJStKm  z  t&CBi  JJ2874  x  jT.?  =  35.66d96^  die 

1^17    X    S??.7    = 


ftT  TBK  SUOaitt  ftUUU 

-  ♦     ♦ 

OtoIX      One    O9O.        QbC 

^IT-loJ    •     •  •  ••  ^4S.5  vme gaUoDS. 


(w:cT,  nt.)  cA^K  GAtrdf5?G-  ^19 


PROBLEM  VII. 

To. find  iht  voMent  of  a  caskj  b^  the  Bik^kl  Rod^ 
witHoSt  paying  any  regard  to  its  iariefy. 


Exam.  S. 

6Y  t«K  blkobi^Ki:  ROD. 


Oppd^il^  36.^  mulfei;  tlie^iV^ft  cKl^gohal,  we  find 
106.0  ale  gallons,  and  129,2  wirt^'g^Jdn*;  thi^  cOritmts 
required. 


BY  THE  SLIDINCh  nULE. 

OnD,      OnC»    OnP.        On,C, 

i  19.2  3    •  ^'^  •  •  ^^'^  •  \  129.2  wine  ^dtttW. 


BtfNoUl. 

Here  36.2  X  36.2  x  36.2  =  1310.44  X  36.2  =? 
47437.928,  U«  tube  if ■  ihe  diagoflil ;  thefa' 4^^37.928 
X  .002228  =  105.691703584,  the  content.  ;n  ale 
gj^llons;aM  ;00272  ^   129,03  ll6<l  6 

twe  coiiteiit  in  wine  gallons. 


£j(A»i.  3. 

•"     .  -  •  •  •  -    ,      '     -     • 

BY    THE    U<AGQNiL   RQO. 

Opposite  28.6  indies,  the  given  <ji^fanal>  we  find 
52,2  ale  gallons,  and  63.8  wine  gallons,  the  contents 
required. 

U2 


SSO  CUX  GJLV6IX6.  (fAXT  TI.) 


■T  TBB  SUDI]f«   BULB. 

ObD.        OnC       OnD.        On  C^ 

Here  28ii  x  28.6  x  28^  =  817-96  X  28.6  = 
3339^J65&,  theodieordiediMoiiil;  then  25593.656 
X  4)08228  =r  52.121065568,  die  oentent  m  ale  gil- 
lam;  and  25398.656  X  .00272  =  63j63a74433,  tbe 


.  4. 


BT   TBB  DIAGONAL  BOD. 


Oppoite  2£u5  indiesy  the  given  diagona!^  we  find 
37i>  ^  gaUon.  and  45.1,  wqie  gidloDS*  the  oontenls 


BT  TUB  SUDING  BULB. 

OkftD.        OaC       OnD.      OnC. 

.      f21.2l     •    25^    ••    2iL5   •    l^^9  alegalf. 
^Il9i?/    •    ^-^    ••    ^"   •   /44^  wine  gall. 


BgKoUL 


Here  25.5  x  25.5  X  25.5  =  650.25  X  25.5  = 
16581.575,  the  enbeof  tfie  diagonal;  then  16581.575  x 
.002228  =  56.9455055,  the  content  in  ale  gallons; 
and  16581.575  x  .00272  =  45.10154,  the  content 
in  wine  gallons^ 


(sect.  Ilf.)  <Asir  GAp'eXNG.  ^^1 

PftOBtjek  Put. 

•  •    • 

To  find  the  contents  of  casks  in  general^  from  the 
head  didnieter,  Hungdidmei&r^  and  length. 

Exam.  ^.    . 

By  Rule  I. 

Here  30.9  x  SO.9  x  39  =  954.81  X  39  = 
37257*59,  thirty-nine  times  the  square  of  the  bung 
diameter;  24.6  x  24.6  X  25  =  605A6  x  25  — 
15129.00,  twenty-five  times  the  square  of  tTie  h^ad 
diameter;  30.9  x  SI4.6  X  ^  =  760.14  x  26  == 
19763.64,  twenty *six  times  the  product  of  the  diame- 
ters; then  (37237.59  +  15129  +  19763.64)  x 
46.7  X  .00034  =  72130,23  x  46.7  X  .00034  = 
3368481.741     X    .00034     =    1145.28379194;   hence 

1145^57  •   /,        ,' 

— ==.   104.1167,  the  content  in   ale  gallons; 

-  1145.2837  :  .^ 

and -=—    =    127.SI5S7,    the  content  in*  wirte 

gallonsi  '  J 

bV  the  StIDINO  RITLE. 

Here  24.6  -i-  30.9  ==  .79,  tHe  quotient  of  the  head, 
divided  by  the  bung  diameter.  Opposite  to  this 
number,  in  the  table,  we  find  20.74,  and  18.77,  the 
gauge-points  for  ale  and  wine  gnllons ;  then, 

Qh  D.         On  C.       On  D.  On  C. 

As   5^-74)     .    .^7    ..    «oo    •    1 104»i  ale  gall. 
^^   118.77/    •    ^^-7    ••    ^^'^    •    j  127.2  mnt  galL 

,  •  ■' 

21.4  I7& 

Here       '-   :=:.  .81   -^,  the  quotient  of   the  head 

iivided  by  the  bung  diameter.  The  multiplier  cor* 
•esponding  to  this  quotient,  is  .00238  for  ale,  and 
0029056  for   wine  gallons;    then   .00238    x'    26^« 

<  32.5  =,  .ote3ar  X  !586'^4  X  s^s  =1.6^37^72 

<    32.5  =  55.0981 3r4',    thi^   Content  in^  alfe  gUlIons  ;' 

U3 


33S  CASK  GAUGINJG.  (PA£T  TI.) 

and  .0029056  X   686.44   x   S2.5   =    1.994520064  X 
32.5  =  64.82190208^  the  content  in  wine  gallons. 

178 
JVbte.    In  order  to  find  the  maltipUflr  answeriiig  to  .81  — , 

we  proceed  in  the  following  manner,  as  directed  in  Note  I.  of  the 
Gauging :    The  multiplier  opposite  to  .81  is  .002366,  and  that 

17fi 
opposite  to  .83  is  .0023867;    then  (0023867  —  .002366)   x -- 

•  .0800807x11?  a*  -003^46  ^qq^^^     3^  .OW3867  + 

262  262 

.000014  Mm  .00238,  the  multiplier  for  ale  gallons,  correspondii^  ta 

178 
M ^      In   the  same   manner    we   find   .0029066   to  he  the 

262  178 

multiplier  corresponding  to  .81  ^-^  for  wine  gallons 

BY  THE  SLIDING  RULE. 

* 

The  gauge-points  opposite  to  .81^  in  the  table,  are 
20.56>  and  r8.6l,  for  ale  and  wine  gallons  ;    then, 

OnD.         OnC.       On  D.      On  C. 

.      r20.567     .    «o«    .•    262     .  p3.1  ale  gall, 
^'tl8.6x;     •    ^^'^    ••  •  164.8  wine  gaO. 

By  Ruk  IL 

Here   --       =  .83  II?  s:  .SSf  nearh,  the  quotieBt 
23A  234  *  J^  1 

of  the  head^   divided  by  the  bung  diameter.     The 

mulUpliev  answering  to  this  quotient  is  .0024232  for 

ak,  and  -9929583  for  wine  gallons ;  then  .0024232  X 

2S.4«    X    27.7  =    .0024232    X     547.56    X    27.7    = 

1.326847392   x    27-7  =  36.7536727584,  the  content 

in   ale*  gallons ;    and   .p029583   X    547.56  x  27-7  = 

1.619846748  X  27.7  =  44.8697549196,   the  content 

in  wine  gallons. 

Note.    The.  multiplier  answering  to  .83|  is  found  as  directed  in 
Note  12>  of  the  Gauging. 

BY  THE  SLIDING  RULE. 

As  the  quotient  of  the  bea<l  by  the  bung  diameter, 
is  nearer  .84  than  S3,  we  take  the;,  gauge  pointe  oppo- 


(skCt.  lU.)  CASK  OAVGiSQ^  ftt$ 

site  to  .84;  which  are  20-89,  axvd  18.S6  for  ale  and 
wine  gallons;  then, 

OhD.         OnC.       OnD.        On  C. 


PROBLEM  IX. 

T<y^nd  the  true  content  of  any  cask  without  paying  re- 
gard  to  its  variety^  by  means  of  four  dimensions  ; 
namely^  the  lengthy  the  bung  and  head  diameters, 
and  the  middle  diameter^  between  the  bung  aiid 
head. 

Exam;   2. 

BylMel. 

Here-29  X  29  X  4  =  841  x  4  =  SS64,  four 
times  the  square  of  the  middle  diameter;  and  30.9^ 
+  24.6«  =  954.81  4-  605.16  =  1559-97,  the  sum 
of  the  squares  of  the  bung  and  head  diameters ;  then 
(3364  H-  1559-97)  X  46.7  =  4923.97  X  46.7  = 
229949399  ;  and  229949.399  -^  2154.3  =  106.739, 
the  content  in  ale  gallons;  also,  229949.399  '^ 
1764.72   =    130.303,  the  content  in  wine  gallons. 

By  Rule  II, 

Ale  Measure. 

Inches.         Area,  Arem, 

Middle  diameters.. .29.0. ..2.3423  X  4  =.  9,3692 

Bung  diameter 30.9 area =  2.6592 

Head  diameter 24.6 area =  1.6854 

Sum  of  the  areas r:  13.7138 

Miiltiply  bj  the  length..^ =         46.7 

9^9966 
822828 
548552 

Divide  by 6)640^3446 

Content  in  ale  gallons. . , .  i 1 06  73907 

By  Note  2,  Multiply  by 11 

Divide  by 9)1174.12977 

^  Content  in-  wine  gallons 1 30.45885 


CAsm  c±wG:rss^  f past tt) 


6coo6e> 

Ei.-jik  bj — ...^.^      ^'^T^I^'iiO': 

Cjntfcit  in^  wine  ssZoos — — .««.... —..^        IjO.ifric'T 

li^'.iitb^ 11^117^74**^ 


BT  T3K  an3t3G6  Ml 

CiC.    OaD-     OrrD.        OnC-  AleGa!. 


As  40  7  :  *: 


C^IMC  Ea  -'-  -" 


C546)     (15.1 —     I3.I 

:.4::  /5o^:»:/20l6. —  =  sao 

US^O)     (  ISjs  X  4  =     7i  S 


Wise  M< 

OciC    ObD.      OoIX        OnC  Wine  GtL 

15-9 =    IXQ 


*'=•"  ISM 


As  *17  :  4^-0 ::  <  sa9>-  :< 25:2 =  25^ 

j2±3    X4=    8pjJ 
rnie53lLjfK , I:;0^-.i!a. 


JByArfr/. 

Her?'  ^4  5  X  ?4..«i  X  4  =r  ^5.04  X  4  =  S^iSO  I  \ 
fccr  ticies  the  suusze  of  the  middle  ^uneter  •  ji.i 
it>^'  +  -1.4*  =  dSti44  +  457.96  =  1 144,4,  UJ  sau 


[sect,  m)  e^sK  ^Air^md.  «g6 

)f  the  sauares  of  the  bung  and  head  diameters;  then 
2460.16    -I-   1144:4)    X  32  5  =  3604.56  X  32.5  = 
17148.2;  and  117148.2    -^    2154.3  =   54.378,  the 
ontentinafe  gaJIona;  also,  117148-£.  -5-  1764*7:2  =ir 
16.383^  the  content  in  wine  gallons. 

BY  THE  SLIDING  RULE, 

Ale  Measure. 
On  C.    On  D.      On  D.        On  C.  Ale  GaL 

(21.4)     (  6.9 =      6.9 

is  32,^  ;  46.4  : :   J  26.2  } :{  10.3 =;     10.3 

(24.8J      I  9.3  X4=     37;^ 

Content  in  wine  gallons 3 4.4  sum. 

Wine  Measure.. 

OnC.    OnDi       On  D.         On  C.         Wine  Gal. 

f  21.4)     f   8.4 =    8.4 

s  52.5 :  42.0 : :  ^  26.2  > ;  J  12.6 =  12,6 

(84.8J     (11.3  X   4   =;  45.2 
Content  in  wine  gallons..,;.. 66,2 sum. 
Exam*  4»> 

By  Rule  UL 

Ale  Mensure^    • 

Inches^       Area.  Area9, 

Middle  diameter  .««,  22a    ...  1.3602  x  4  s=  5  446® 

Jung  diameter 23.4  ...     area =r  1.5250 

iead  diameter 19:6  .,,     area =  I.O699 

;um  of  the  areas ^^. ,...4:32  8.0357 

Jultiply  by  the  length , =      27.7 

♦562499 

562499 
160714 
Hvide  by , 6^222^58889 

lontent  in  ale  gallons...,-. 37,09814 

fultiply  by ^ *       j  j 

)ivide  by 9)408.07954 

ontent  in  wine  gallons.., ,  45.34217 


-^t»- 


fiSl6  <iA«  GAUdrwd.  (pAAt  vi.) 

'^ne  Measure. 

Indkes.         Area.  Am> 

Middle  diameter ^.1 I.6606  x  4  =t  6.6424 

Bang  duuneter     .^....  S3.4 area  =:1.86i: 

Head  diameter     19.6 area  ..:...  =  UO61 

Sum  of  the  areas * =  d-^^^ 

Multiply  by  Uie  length =; ^ 

686;u 
68671* 

Divide  by... 6)^1^ 

Content  in  winie  gallons 45.^- 

Multiply  by ^_J 

Pivideby. , 11)407^ 

Contait  m  ale  gallons 37.03519 

Ale  lileabdre. 
OnC.   OnD.      Oi  D.        On  C  AlcGil. 


(i9.ei   (4.9 =  ^9 

A$ 27.7  :  46.4  : :  ^■^s.^yiJ'r.o =  70 

I  22.13      (6-^   X4  =  25£ 
Cofrtent  in  ale  gallon^   .•.•.'..••..••. S7.1SB&- 

Wine  Measure, 
Oh  C,    On  D»       Ob  D.        On  C.         Wine  Gt 

(19  6)     C6.0 =    6.0 

As  27.7  :  42  O  :  :  ^  23.4  >  ;  ^  8.6 =    8.6 

(22.1)    t7.7x4=jta8 

Content  in  wine  gallons  .,, , 45.4  suit 


wiCT,ro,)  c.4^«.04iipw«-  Wi 


PROBLEM.  X. 

0  ullage  a  lying' cask,  having  given  the  ifing  diameterp 

w4  in<;h^,  and  cwlenJL 

■   r     .  , 

BT  THE  PEN. 

75,  opie-fburth  pf^rt  of  Wnich  is  ==  .(74375;. 325  ~ 
4375.  =  .281^5*^  the  muItip^W;  hence  115.3^^  >< 
18125  ==  32.43479375  Wine  gallons,  the  tillage  Ve- 
Hired* 

BY  ^UE  SLtDiNO  IttlL^. 

OnC.    OnSL.       On  C.    On  S.  L: 
As    as  :    100    :;    10.4  :  26.0,  the  foarth  number. 

Andy 
On  A.     On  BI      On  A.    On  B/ 
As  loa    .•  115.3  *: :  26.0  l  Sao  wme  gallons* 

Or, 
As  100  :  26.0  ::  115.3  :  SO;0,tteuHage  req(tx1red« 

BX.  THK.UIf^pE  .BpJLE* 

OnB.    OnS-L.      0;iB,    Cta  S.  L. 

.8  32    :  .     100  ,:':  .10.4  ':,  ^0.0,  die  fourth  quml?er. 

An^,  , 
On  A.      On  B.      Qp  A.  /  ,pp  B. 

Ls  100  :    115.;? ;:;  26.0 '  :^ .3001  Vi^,  gaiio^if  . 

Or, 

U  MP  .  :      «6^  ::    ^M  :  ^jq-C^the^^lJ^ereq^^ 


SB8  CASK  «AO«flM^ '  (PAKT  Vl.) 


PROBLEM  XL 

To  Mage  a  standing  ctisk^  kemiiig  g^^^^  the  length, 
the  wet  inckee,  and  the  eonttnt. 

Exam.  2. 

by  the  pen. 

Here  8.8  ^  40  ^  .220,  which  is  less  than  .500  by 
SBOf  ooe-tenth  part  of  which  is  =s  .OZS  -,  then  JZ20  - 
.028  =,192,  the  roultipHer;  hence  115.325  X  .192  = 
22.142016  wine  gallons,  the  ullage  required. 

BT  TB^  SUMNO  IUM.B* 

OnC  OnS.S.      OnC.    OnS.S. 
At  40    :    JOG       :      Sw^      :    d0.a,  thefourtfa  nnnOier. 

And, 
On  A.      On  B.      On  A.      On  B. 
As  100    :     US^  Z:  ^O.a     :   28.0  wioegaHims. 

Or, 
Ai^.lOO    :      20^  ::   Xli^.8  :  28.0,th&ttllageoequirfdL 

BT  THE  ULLAGE  RUL'B. 

On  C.    On  S.  S.      On  C.    On  &  S. 
As40    :      100      ::     S.^     :20.0;the  fourth  number. 

Anid^   ' 
On  A,      On  C.     '6h  A.  '    6li  C 
As  100    :    115.3  f:  20.0    r    23.0-  wmegaQons. 

Or, 
As  100  t     20.0     ::  llS.8  :  2S.0,thettllagereqniitd. 


(SECT.'tfl.)  CASE  eAUGINa.  SS9 


...     *• 


PROBLEM  XII. 

To  inch  a  standing  e<Mk  efthe  seeondor  third  variety. 

EXAMPLE  OF  THE  THIRD  VARIETY. 

Operafion* 


Bung  diameter     30   •,.*•.»......•.     3.0600 

Head  diameter    24 1.9564 

DifTerence    .^ 1.1016 

Then  (1.1016  X   J)   -r  20*  =  .4896  -r  400   = 
.001224,  multiplier. 

For'thejirsi  inch  frpm  the  bung. 

From  the  area  oi  the  bung  diameter     3.060000 
Subtract  ,0012j!ft»  x  1  X  1  = .001224 

Content  of  one  inch  fronj  the  bung     3.058776 

Far  the  second  inch  from  the  bung. 

From  the  area  of  the  bung  diameter     3.060D00 
Subtract  .001224  x  2  X  2  =   ......        .004896 

Difference 3.055104 

Distance  frofxi  the  bung  ., 2 

Content  at  two  inches  from  the  bung     6.110208 


r.  • 


,  jPot  the  third  inch  from  the  bung. 

From  tlie  area  of  the  bung  diameter  3.060000 

Subtract  .001224  X  3  X  3  =   ,  .011016 

Difference.. .'. 3.048984 

Distanceirom  the  bung 3 

Content  of  thr^  inches  from  the  bung  9^1469^^ 

X 


990 


Cjmk  aAiio^iisa. 


(f  AM  ^) 


For  the  fourth  inch  from  the  hung. 

From  the  area  of  the  bung  diameter        5.O6O000 
Subtract  .001224  X  4  X  4  s=.  •.,,.«...        .019584 

DiiTerence 3.040416 

Bi6tanoe|jN}m.th«biiiig  •««*.r«»«»,ri.^««.  4 


Content  of  four  inches  from  the  bung    12.l6l664 


A  TABLE 

Shewing  the  method  of  obtaining  three  series  tfdijfermu ; 
and*^(ke  content  of  tho  cask  at  €oety  inch,  from  ik 
hung  to  ike  head* 


IrtdMB 

from  the 

Contents. 

Pirn           SecHAid 
di^rences.  diffcrdiceab 

Jpkd 

bung* 

1 

3.0588 

3.0514 

.0146 

.0075 

e 

6.11^ 

SvOd«8 

.02^1 

.0075 

$ 

91470 

3.0147 

.0075 

4 

12.1617 

2.9851 

:    .0371 

.0075 

5 

15.1468 

2.948O 

.0446 

.0075 

6 

1-8.0948 

2.9034 

.0521 

.0075 

7 

2049981^^ 

^  2.8513 

.0596 

.0075 

8 

2S.8495 

2.7917 

.0671 

.0075 

9 

'  26.6412 

2.7246 

.0746 

.0075 

10 

29.3658 

2.6500 

.0821 

.0075 

n 

32.0158 

2.5679 

.0896 

.0075 

12 

34.5837 

2.4783 

>»n 

.0075 

Id 

87.0620 

2.3812 

AX>i6 

.0075 

14 

39.4432 

2.2766 

.1121 

.0075 

15 

41.7198 

2.1645 

.1196 

.0075 

16 

JL9:.n/StAM 

2.0449^ 

.»27t 

.0075 

17 

45.9292 

1.9178 

a346 

r     «0075 

18 

47.8470 

1.78^2 

4421 

\^ 

49.6303 

1.6411 

20 

51.2713 

» 

• 

V 


(SBCT.  m.)  CMX  'OAVCn^. 


isi 


A  TABLE 

Skewing  the  Method  cf  Inching  the  duk^  given  in  the 

foregoing  Examph. 


^^mm^^m  i_La.**' 


Wet 

In- 
ches. 


8 


10 


n 


Contents. 


1.6411 

i.T^as 


S.4A4i3 
1.0173 

5'.$421 

2.04491 


7*3870 
2.1645 


2.2766 


1L8281 
2^8121 


Wet 

In- 


14  2098 
2.4783 


16.6876 
2  5679 

192555 
2.6500i 

21.9055 

2.72461 

24,6301 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


Contents. 


24.6301 

«^T917 


27^4eiAt  m 
&jA513 


80.2731 
2.90S41 


33.1765 


86.1245 
2.9851 


39.1096 
3.0147 


42  1243 
3.0368 


45.1611 
3.0514 


48.2125 
30)588 

51.2713 
54.3301 


Wet 
In- 


Contents. 


21 


23 


^4 


25 


26 


27 


28 


29 


30 


31 


54.3301 
3.^5141 


57.3iftii 


60.4183 
3.0147 


63.4330 
2.9851 


66^181 
2.9480 


69-^61 

2.90341 


72.26^5 
2.8513 


75.J208 
2.7917' 


77.9125 
^.7940 


Wet 
In- 
ches. 


31 


82 


33 


Contents. 


83.2871 

&5.855D 

SS.333B 
2.381^ 


34  I  90.7145 
2.2766 


80.6371 
2.6d00 

83.2871 


m 


S6 


37 


38 


39 


40 


#t991t 

2.1645 


95.15^ 
2J0449 


97.2005 
1.9178 

99.1183 
L7892 

100.9015 
1J6411 

102.5426 


Xft 


"Si 

7i3 


^r^iM  iw  .^ 


fS.5 


•  TU 


[S^cr.  ni.)  BY  TH8  CALLTOBRS.  2^ 

Inches. 

Length 36a 

Oitto 36,3 

Ditto ,..,        36.5 

Oivideby  „,..... 3)109.2 

^eMi  length 36.4 

Oedii^on  fer  the  h«ad^^  2A  —  S.O 0^ 

Difference * 36iO 

Oedttction  for  the  variety  • 0.8 

True  length  ....*o........«..»«» 35^2 

True  dimeneions*  Inches* 

Loigth .•. •• 5d.2 

Heed  diameter  ...»•• ..•••»•••«•» SB.4 

Biing  diameter  •«..., ..., «,m«  34.^.  . 

Wetlnches »..,... ^..  30.a 

To  find  the  mettn  diameter  * 

Set  the  brass  ihdex  on  the  slide,  to  the  head  dia-^ 
Deter  28.4,  on  the  lower  line  of  the  stock ;  then 
igainst  the  bung  diameter  d4.5>  on  the  same  line  of  the 
tock,  we  have  4.2  hearly  on  the  line  marked  sphe- 
*oid :  and  opposite  this*  number  on  the  lower  line  g£ 
he  slide,  we  have  32.6,  the  mean  diameter^  on  the 
ower  line  (^the  stocks 

To  find  the  content. 

Set  the  guage^point  on  TX,  to  the  length  35.2  oh  C ; 
:hen  against  the  mean  diameter  32.6  on  D>  is  127,  peryj 
uarly^  on  C>  tbe^  content  in  wine  galljona*. 

To  find  the  ullage. 

Set  the  bung  diameter  34.4  on  N«  to  100  on  S.  L. ; 
^hen  against  the  wet  inches  30.8  on  N,.  we  h/ive  95 
the  fourth  number  on  S.  L. 

AgaiHA  ^  9^  on  B!,  to  100  on  A ;  then  against  X^*, 

X  a 


284  CASK  GAUGING  (PA»T  VI  "l 

the  content  of  the  cask  on  A,  is  lai  nearly,  the  con. 
tent  of  the  ullage  on  B. 

Exam.  S. 

In  casting  the  contents  of  the  casks  given  in  ifcis 
Example,  let  SI.  denote  the  Slide;  B.  I.  the  Brass  In- 
dex on  the  Slide;  St.  the  Stock ;  Sp,  Spheroid;  and C 
P.  the  Guage-Point  on  the  Slide  D.  By  this  mcacf 
•we  shall  be  able  to  abridge  the  method  of  exprttsmf 
the  operations  of  finding  the  mean  diameters,  contenu 
and  ullages. 

No.  1. 
On  Si.    On  St.     On  St.    On  Sp. 
As  B.  I.    :    22.4  : :    27.S    :   SA  ;  then  opposite  thi> 
number  on  the  lower  Jine  of  the  slide,  vee  have  25.S, 
tiie  mean  diameter,  on  the  lower  line  of  the  stock. 

On  D;  On  C.      On  D.    On  C. 
As  G.  P.  :  47.5  ::  25.8  :  107,  the  content  of  the  ask 

OnN.    OnS.L.      On  N.    OnS.L. 
As  27.3   :     100     ::       24.7  :   96,  the  fourth numbw. 

On  A.    On  B.    On  A.      On  B. 

As  100    :  96    ;:    107     :    103,  the  ullage  required 

No.  2. 

On  SI.    On  St  ^  On  St     On  Sp. 
As  B.  I.    :    21.3  ::  279    :    4.6;  then  opposite  tE* 
number  on  the  lower  line  of  the  slide,  we  have  25.1^ 
the  mean  diameter  on  the  lower  line  of  the  stock. 

On  D.    On  C.    On  X).     On  C. 
As  G.  P.  :  46.8  ::  25.9  :  106,  the  content  ofthecask 

On  N.    On  S.L.    On  N.    On  S.  L. 
As  27.9  :    100    : :    25.9  :  97.6,  fourth  number. 

On  A.    On  B.      On  A.    On  B. 
As  100     :  97.6  ::  106  :  lOS,  the  ullage  rcquiT«L 
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No.  3. 

On  SI.     On  St        On  St,    On  Sp. 
AsB.  I.  :,  21.7    ::    27.8     :    4.2;  then  opposite  this 
number  on  the  lower  line  of  the  slide  we  have  25.9 
the  mean  diameter  on  the  lower  line  of  the  stock. 

OnD.      OnC.    On  D.    On  C. 
AsG.  P.  :  48.4  ::  25.9  :   no,  the  content  of  the  cask. 

OnN.     OnS.L.     On  N.    On  S.L. 
As  27.8    :     100    ::   26.0    :    98,  the  fourth  number. 

On  A.-    On  B.    On  A.      On  B. 

As  160  :    98    ::   110     :     lOS,  the  ullage  required. 

No.  4. 

On  SI.      On  St,     On  St.     On  Sp. 
As  B.  I.   :  22.3  : :  27.8     :     3.8 ;  then  opposite  this 
number  on  the  lower  line  of  the  slide,  we  have  26.1, 
the  mean  diameter  on  the  lower  line  of  the  stock. 

Oi^  D.    On  C.    On  D.    On  C. 
AsG.  P.  :  47.2  ::  26.1  :  109,  the  content  of  the  cask. 

OnN.     OnS.L.     On  N.     OnS.L. 
As  27.8     :     100  ::    25.7     :     97,  the  fourth  number. 

On  A.     On  B.    On  A.     On  B. 

As  100     :    97    : :   109    :    106,  the  ullage  required. 

No.  5. 

On  SI.     On  St.     On  St.     On  Sp. 
As  B.  I.  :  22.3  : :  27.5    :    SS ;  then  opposite  this 
number  on  the  lower  line  of  the  slide,  we  have  25.9, 
the  mean  diameter  on  the  lower  line  of  the  stock. 

On  D.     On  C.     On  D.     On  C. 
As  G.  P.  :  47.1   ::  25.9  :  107,  the  content  of  the  cask. 

On  N.     On  S.L.     On  N.     On  S.L. 
As  100  ;    27.5    ;:    26.9    :    98,  the  fourth  number. 

On  A.     On  B.    On  A.     On  B. 

A«  100  ;   98     : :     107    :    105,  the  ullage  required. 
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Na6. 

On  SI,    On  St.    On  St   On  Sp. 

As  B.  1.  :  223  ::  27.5  :  3.6;  then  opposite 
this  number  on  the  }ower  line  of  the  slide,  we  iwve 
f5.9f  the  mean  diameter  on  the  lower  Ikie  of  thettod. 

On  D.    OnC.     On  D.  On  C, 

AsG.P.  :  48.3  :;  25.9  :  UO,  the  content  of  the 
cask. 

On  N.  On  S.L.    On  N,  On  S.L. 
As  100  :  27.5  : :  25.7    :    98,  Ae  fourth  number. 

On  A.  On  B.  On  A.  On  B. 

As  100  :  98  ::  109  ;  ibS^  the  ullage  required. 
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MALT  GAUGING. 


287 


SECTION  IV. 

\Lt  GAUGING^  OR  THE  METHOD  OF  GAUGING  AND 
FIXING  maltsters'  UTENSILS,  AS  PRACTISED  IN  THE 
EXCISE. 


PROBLEM  I. 

>  gauge  and  Jix  a  Maltster^ 8  Cistern^  in  the  form  of 
^  Ow  far  a  Helopipedon  • 

Exam.  1. 

le  Method  of  tabulating  the  Cistern,  given  in  this 

Example, 


Inches. 

Contents.. 

Inches. 

Contents. 

Inches. 

Contents.  | 

20.0 
20A 
20.2 
20.3 
20A 
20.S 
20.e 
20.7 

57.200 

.286 

20.8 

20.9 

21.0 

21.1 

21.2 

21.3 

21.4 

21.5 

59.488 

.286 

21.6 
21,7 
21.8 
21.9 
22.0 
t2.1 
.22.2 
32.3 

61.776 
.286 

57.486 

..286 

59.774 

.286 

62.062 
.286 

57.772 

.286 

> 

60.060 
.286 

^2.348 

.286 

58.058 
.286 

60.346 
.286 

62.634 
.286 

.286 

60.632 
.286 

62.920 
.286 

58.630 
.286 

60.918 
.286 

63.206 
.286 

58.916 

.286 

61.204 
.286 

63.492 

.286 

1 

59.202 

.286 

61.490 
.286 

63.778 
.286 

^38 


MAIT  OAITSIMO. 


TABLE  CONTINUED. 


(fait  u) 


Inches. 

Contents. 

Inches. 
23.3 

23.4 

23.5 

i 

23.7 

13.8^ 
2a9 
H,0 
241 

Cmtents. 

ladies. 

Contenti. 

22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0  . 

2ai 

28.2 

64.064 
.286 

66.638 
.286 

24.2 
243 
244 

24.6 
847  , 

248 

• 

HA 
28.0  ^ 

69.212  . 
.286  I 

64.350 
._286 

66  924 
.286 

69.49S  i 
.286  ■ 

64.636 
.286 

67.210 
;286 

89.78i  : 
.286  ; 

64922 
.286 

6U96 

«286 

67.782 
.286 

7^910) 
.296  ' 

65.208 
.286 

70L356  ' 

65.44M 
.286 

6&068 

.286 

68.354 
.1086 

•<9S 

65.780 
.286  ' 

70919 
.296 

.286 

68.640 

.286 

71.214 
.296 

66.352 

.286 

68.926 
.286 

71J60 

See  the-Giiuging,  in  which  a  Table  Book  ii  fonOBd  ixom 
above  Table  of  Inches  and  Contantau 


BY  THE  PEN. 

To  find  th9  urea  and  oontemL  . 

Her^  128.6  x  85.4  -^  SI 50.42    s  10962.44 
2150.4^  =  5.107  bu»heb«  the  am  gf  tbe 
and  5.107  X   52S  s  269.6496  buafads,  tbe 

required 


(sect.  tV.)  IIAIiT  GAUOSKO*  fiS9 

BY  THE  SUOINO  RULE. 

iU.  B.  Ifinglh.  Breadth.        Area. 

As  Sli;o.42  m  A.  :  126.6  oa  B  : ;  85.4  on  A  ;  ^11 
jnB. 

Andv 

Vni^,  Jrea,  Depth.  CohtenL 

As  1  on  A  ;  5.\\  m  B  ::  ^S  #i^A  :  £69^65 

Or, 

Length,  Depth.  Breadth,        Content. 

)n  B. 

iLXAM*   o. 

Here  5.107  X  43.7  =  22S.1759  bushels,  the  con- 
ent  required. 


PROBLEM  II. 

^0  gauge  a  couch  of  malt  contained  in  a  rectangular 

frame^ 

Exam.  2. 

bv  the  pen. 
Tojind  the  area  and  content. 

Here  148  X  125  -r-  2150.42  =  18500  -t-  215d42 
=  8.60S  bushels^  the  area;  and  8.602  x  26L8  ^ 
30.5336  bushels,  the  content  required. 

Bt  tttE  n^mma  nnit, 
M.  B.  Length.  Breadth*,        Arect. 

A5«j5o.4«  o»  Aj  ;  >4«  «i  B  ::  la*  on  a  :  «,6 

n  B. 
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And, 

Unity,  Area.  Def^h*  Content, 

As  1  on  A  :  8.6  on  B  ::  36.8  on  A   :  280.53 
on  B. 

Or, 

Length.         Depth.  r  Breadth.  Content, 

As  148  on  B  :  S6.8  on  MD  ::   125  on  A  :  S80.55 
on  B. 

Exam.  3. 

Here  8.602  x  18.7  =  l6a8574(  bushels^  the  con- 
tent required. 


PROBLEM  III. 

To  gauge  a  couch  of  malt^  not  in  a  frame^  but  laid 
upon  the  floor ^  in  a  square  or  rectangular  form^ 
with  one  or  more  of  its  sides  slanting* 

Exam.  2. 

BY  THfi  PfiK. 

To  find  tfte  area  and  content. 

Here  138  x  113  -^  2150^42  =  15594  -^  215a42 
r=  7.251  bushels,  the  area  o£  the  couch  ;  and  7.251  X 
28.6  =:  207.3786  bushels,  th^  content  required. 

I 

BY  THI^^^SLinmO  RULE. 

Length.         Depth.  ^  Breadth.  Content, 

As  138  on  B  :  28.6  on  MD  ::  113  on  A  :  207.57 
on  B« 


(sect.  1^0  MAX.T  GAOreiNC.  S41 : 

PROBLEM  IV. 

Ip  gftjige  'Ui.cou^h  of  finait,.eitker  in.. the  farm  of  a 
confiy  or  a  coniccd  frustum* 

Exam.  2. 
by  the  pen. 

►  X      '   Yojind  the  content* 

„       144  +  64        208        _,     .  ^.*. 

Here -f =: ,-— -  =  104,  the jsieah  diameter, 

when  fhe  frustum  is  reduced  to  a  cylindeir;  then^ 
104  )<  104  X  28.2  ==  10816  X  ?8.^  =  30501 W; 
and  305011.2  +2738  ==:  111.399/' the  content  in 
malt  bushels^ 

BY  THE  SLIDING  RULE, 

OnD.    On  a      On  D,    On  C 
As  52.32   :  28.^   ::  .104  ;   111.39,  content. 


PROBLEM  V. 

To  gauge  a  rectangular  fioor  of  maU* 

ExAH-  2^. 
^by'tthe  pen. 

}(  • 

To  find  the,  content. 

Inchu^  : 
...  435  length. 
2ld  breadth. 

348i0 

435' ,; 

870 

94830  product. 
5^2  d^th. 


189660 

474150  .   

t>ivi8or  2150.42)493116.0(229-311  bushels. 

Y 
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BY  THE  SLIDING  RULE.     . 

Length,  Depth,  Bf-eadih.  Cbn/^i< 

As  409  OR  B  :   5.2  on  MD  :j  218  od  A  :  22931 
cm  B. 

Exam.  3.. 

bt  the  pen. 

Here  485  x  224  x  3.4  =.  10864a  X  3,4  =  36937f 
and  369376  -r  2150.42  =  171.769,  the  content  is 

BY  THE  8LIDII9  RULE. 

,  BteadtfL        D^ffth.  Len^h.  CmtR' 

As.  2i2.4  on,  B  .;  $.4^011  MQ  : :.  485  on, A  :  iTi:- 
on  B. 


To  find  the  content  of  a-  raeiangular  floor  of  wuilt  'f 

another  method.     ^ 

Exam.  2. 

by  tbs  rule. 

Inchest 

435leiu^. 

109  lulTthe  bi^adth. 


'•■'•i 


3^15 
435 

^^55  product 
5,2  depth. 

94839 
237075 

24^.558^  BToduct 
-'-''  \  ':9S0ftctor. 

7396H  . 

2219022  '' 

contoit 


t-^"^  ■■  f   V    M  » 


By  theJirH  JS^oU. 

Here  435    x    109   x    5.2    =  246.558  false  con. 

A„d?l^-^  =  l!?f:?2!  ==  17:2^59  deduction. 

100  100  ^i*^*^:f  «c;uu*.wwii. 


229.299  true  con. 


Bj^  the  thiri  Jfjote^ 

Here • 18.6,  the  area  of  the  floor. 

Multiply  by  ....••...        6.7,  the  depth  of  the  grain. 

iS02 
ilJ6 

'     '    .  l^^M  O0nt6l#.       '  ' 


Exam.  4. 

< 
By  thefaurth  Notf. 

Ffcre  half  ifce  length  of  the  floor  Is  50;  'then  if  ire 
fmiltip>^  250  by  .50,  mnd  tirft  off  three  figutes,  as  deci- 
tnals,  tire  t>btain  12.5  for  fhe  false  area.  Wrik  being 
multiplied  by  6,  gives  75  bualiels,  for  thfe  ^^{f$^  con« 
tent.  Lastly,  if  we  multiply  75  by  7*  and  cut  off  two 
^gures  for  a  decimal,  ire  ODtain  5.25  bushels  for  th^ 
dedu/ctpiov  ^  hoi^ce  the  true  content  «f  ihq  floor..j^  ^9*75 


'•) 


(r^ni«.) 


iu  1  «m  A :  AAi  mB  ::  4.7  OB  A :  sKosoB  & 


S»  X  »  =^ 


1500,  dbe 

f 


loWde- 


to 
oftibekilB; 


-  7  =«9 
22.JT6  nalt 


X  tlS  =r 

'9 


vm  OK  lx]&  the 
-  1500  s 


ftisoL«i  z=  sauGB»  ib 
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PROBIifiM  Vill. 

Tojind  whether  the  (futj/will  arise  from  the^  cistern^ 

the  coufih^  or  the  floor. 

Busliels. 

69.8  ciltich-tfauge. 
XS  multiplier. 


418.8   > 
698_ 

i\l.S%  yiaduct. 

Here  the  number  iif  >u Aels  obtained  by  multiply, 
ing  the  couch-guage  by  1.6,  is  less  than  the  number 
of  floor  bualiels ;  consequently,  the  charge  wiU-  Urise 
from  the  floors 

i  

Buakeliti 

1 12.6  Aoor  bushels. 
^multiplier, 

56.30  product. 

Here  the  neat  bushels  are  5Q.3,  the  zmtjjier  upon 
which  the  duty  must  be  charged. 


y^ 


»t$ 
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SECTKW  V. 


THE  METHOD    OF  GAUOINO   AND  INCHINO    OISTILLIRi' 

VTENHLS. 


PROBLEM  I. 

To  gauge  and  tnck  a  Wash  StilL 

Exam.  1. 

The  Method  of  tahdating  the  JFaeh  Stilly  given  in 

this  BxeimipU*  - 


JDry 
In- 
ches. 

FuU 

1 
2 
3 

4 

• 

5 

Contents 

in 
Gallons. 

644.698 
4.910 

Diy 
In- 
ches. 

7 

8 

• 

9 
10 
11 

12 

• 

13 

eoBtents 

in 
Gallons. 

Diy 

In- 
ches. 

Oantenta 

in 
Gallons. 

Diy 
In- 
ches. 

IT 
ti 
23 

24 
25 
26 
27 

ContentSi 
in 

Gfldloni. 

603.098 
7.320 

14 
15 
16 
17 
18 
19 

20 

• 

533.434 
11.636 

45a800 
12.818 

639.788 
4w910 

634.878 
4.910 

595.778 
9.768 

521.798 
11.636 

• 

437.982 
12.818 

586.010 
9^.768 

5iai62 
1L636 

42S.164 
12.618 

412.346 
12  818 

629.968 
4.910 

625.058 
7.320 

576.242 
9.768 

49a526 
11.636 

566.474 
9.768 

466.890 
11.636 

399.528 
12.818 

386.7IO< 
12.818 

617.738 
7.320 

556.706 
11.636 

475.254 
11.636 

6 

610.418 

7.320 

545,070 
11.636 

463.618 
12.818 

373.892 
12.818 

TABLE  CONTINUED. 


1^ 


Contents 
in 


Contenu 

in 
Gallons. 


On 

In- 
ches.)Gfl]lons. 


«9 


SO 


SI 


St 


33 


34 


85 


Canteni 

in 
Gallons. 


otentsj 


m^ 


361.074 
13.409 


34746^5 
13,409 


334.956 
13.409 


i^-*^ 


390.647 
13.409 


307.438 
13.409 


994029 
13.409 


98a690 
13.409 


967.911 
13.409 


Dry 

In- 

ches. 

36  953.809 
♦  i  18.902 

37 


38 
30 
40 
41 
49 
43 


94a900 
19.902 


997.998 
19.902 


215.096 
12.902 


909.1941 
12.902 


Dry 

In. 

ches. 


44 


f  \ 


176.390 
12.902 


163.488 
12.902 


4$; 

46 
47 

48 


189.2921  49 

12.902 


Contents 

in' 
Gallons. 


150.586 
11.517 


139.069 
11.517 


197.552 
11.517 


116.035 
11.517 


50 


104w518 
1W17 


93.001 
11.517 


81.484 
9.914 


Dry 
In. 

chesb 


51 


52 


53 


54 


S& 


S6 

crown 


71.570 
9.914 

61.656 
9.914 


51.742 
9.914 


41.828 
9.914 


k    r 


31.9i4 
9.914 


92.000 
22.000 


oaooo 


%' 


;, 


A  DISTILLER'S  TABLE  BOOK. 


1 

A. 

b:*  tVoA^a,  No.  1 

L. 

In- 

Contents. 

p 

Conlents* 

^L 

In-    Cdoteiits. 

Full 

- 

ebesj 

ches. 
46 

' 

645 

i« 

58S 

82 

^1 

176 

5 

640 

19 

522 

88 

348 

47 

163 

6 

685 

!  20 

510 

84 

884 

48 

151 

7 

6S0 

21 

499 

85 

S21 

4d 

189 

8 

6st5 

22 

487 

S6 

307 

50 

128 

9 

618 

23 

475 

37 

294 

SI 

116 

.10 

610 

24 

464 

38 

281 

5S. 

105 

11 

603 

25 

451 

99 

267 

58 

93 

12 

596 

26 

488 

40 

254 

54 

81 

13 

586 

;27. 

425 

41 

241 

55 

72 

14 

576 

38 

412 

42 

228 

56 

6g 

15 

566 

29 

400 

48 

215 

57 

52 

16 

557 

96 

887 

.^ 

202 

56 

42 

17 

545 

31 

874 

45^ 

189 

59^ 

S& 

^ 

22 

1       1 

, 

22 

A  TABLE 
Shewing  the  Method  of  Inehimg  the  StiU  given  m  this 
Example^  when  the  upper  pari  U  considered  as  the 
frustum  of  a  sphere^ 


Dry 
In- 

ches. 


FuU 


Contents 

in 
Gallons. 


639.465 

ao4o 


636.425 

3.838 


632.587 
4^604 


Diy 
In. 


627.983 
5.332 


4 


622.651 
6.055 


Content* 

in 
Gallons. 


616.596 
6.733 


6 


8 


9 


609.863 
7.383 


602.460 
7.998 


Dry 
In- 
ches. 


594.482 
8602 


585  880 
9.194 


10 


II 


12 


13 


Contents 

in 
Gallons. 


576.686 
9.732 


D17  Cbotent- 
In-        in 
Iches.  Gallons. 


566.954 
10.248 


556.706 
11.636 


545.070 
11.636 


r 


14  1533.434 
11.636 


15 


16 


17 


18 

t 

I 
1 
I  19 


521.798 
11.636 


5iai62 
ll.fi36 


498.526 
11.636 

186.890 
11.636! 

475.254. 
11.636' 


(sect..  T.)      i) .  JMSZIUUS.*  oxfttwti.*. 
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TABLS.'CQVWNUED. 


Iky 

In- 
ches. 

20 

• 

21 
22 

?.3 

^^ 
2$ 

26 

27 

28 

• 

99 

CpMeois 

in 
Gallons. 

In. 
ches. 

30 

31 
32 

53; 

.34 

■ 

1        , 

36 

• 

37 
38 

3d 

Con^^tsL 

in 
(SaQUMs:* 

in. 
i^es; 

J*l 

*2- 

43: 

4^ 

• 

45 

1 
\ 

46 

47 
48 

CoAtepta 

in 
Gallons. 

202.19^ 
12.9q2 

In. 
ches. 

49 

50 

• 

.•  r  » 

.4t 

.58. 

.55 

56 

crown 

* 

Contents 

in 
Gallons. 

93.001 
11.517 

48a618 

12.818 

334.256 
13,409 

326.847 
13.409 

307.438 
13.4<)9 

294.029 
13.409 

450.800 
12.818 

189.292 
12.902 

81.484 
9.914 

437.982 
12.818 

176.390 
12.909 

163.488 
12.902 

71.570 
9.914 

425.164 
12.818 

61.656 
9.914 

412.346 

12.818 

280.620 
13,409 

150.586 
11.517 

139.069 
11.517 

51.74Sr 
9.914 

399.528 
12.818 

,                1 

267.211 
13.409 

41.828 
9i^l4 

* 

386.710 
12.818 

253.802 
12.902 

240.900 
12.902 

127.552 
11.517 

31.914 
9,914 

373.892 
12.818 

116.035 
11.517 

22.000 
22.000 

00.00Q 

1 

361.074 
13,409 

227.998 
12.902 

215.096 
12.903 

104.518 
11.517 

347.665 
ia409 

.»  *  ■ 


990 


rcikCcxvrG  jlkb  xvcbing     {»ult  ti.) 


t^im.  1L 


The  Method  tf  %aimlating  t^  Wtulk  S$^,  gim^ 


llry.  tonte&ts 
in-'      in 


Full 

i 

i 


— ' . 


Contents 


1549  53 
.     7.74 


1541.79 
7.74 


1534.05 
7.74 

1596.31 
7.74 


1518.57 
^  J     10.33 

5]  1508.24 
-      10.33 


«  {1497.91 
10.33 


10 
11 


IS 


1487.58 
10.33 ; 


8   1477.25  i 
♦       13.59 

9 


1463.66 
13.59 


In-  "    in 
che&'  Gallons. 


1450.07 
13  59 

1436.46 
13.59 


1422.89 
17.79 


13 
14 
15 


1405.10 
17.79 


1387.31 
17.79 


1369.52 
17.79 


1«  '  1351.73 


1>i7  .Cbotents 

In- 1      in 


■* 
17 

IB 

20 

21  I 

22 

23 


24 


25 


20.76 


13S0.97 
•20.76 

13110.21 
20.76 


1289.45 
20.76 


1368.69 
20.76 


1247.93 
20.76 


1227171  35 
20.76 


1206.41 
20.76 

1185.65 
24.77 


1 160.88 

24.77 


f6 
27 
28 
29 
30 

34 


1066.57 
24w77 


36 
37 

38 


1136.11 
24.77 


1111^4 

24.77 


D(y  iCootesa 


|ln-l 


J 


1061.80 

24w77 

1087.03 
84^77 


1012.26 

24.77 


987.48 
«4.57 

962.92 
24.57 


93835 
24.57 


44 


45 


913.78 
2457 


889.21 
26.4« 


862.79 
26b42 


836.37 
26.42 


TOUTS' 

26.60' 

677.13' 

26.60: 


6S0LS3 

26.50 


I 


461  6BS.9S 
26.60 


463.09 
25^ 


iBeX;  V«)       BlfrTU&BEft^  VnfE^WSk&, 


iSi 


TABLE  CONTINUSD.: 


'♦    i 


Dry 

In- 
Iches. 


52 
53 
54 
55 


S6 


Contents 

in 
Gallons. 


467.21 

25.88 


441.33 

25.88 


415.45 
25.8» 


Dry 

In- 

ches. 


Contents 

in 
Gallons. 


389.57 
25.88 


ooBlv9 
23.62 


57 

58 

59 

I. 
r  ■ 

i 

*  60 

I 

i 

•61^ 


340.07 
23.63 

316.45 
23.62 


^mm^rm 


292.83 
2M9 


269.21 
23.62 


Dry 

In. 

ches. 


MV 


24l»w59* 
2a62 


62 
63 

» 

64 
65 


Contents 

in 
Gallons. 


221.97 
2^62 

198.35 
23.62 


17.473 
t    20\#lf 


.  154.29 
^    20.44 


138.85 
20.44 


Dry 

In- 
ches. 


Contents 

in 
Gallons. 


67 

* 

68 

70 
crown 


iia4i 

20.47 


92.94 
20.47 

"72^7 
20.47 


52.00 
52  00 


00.00 


»Hf— "^.•••^•^^r" 


I  I     wi   » 


.    •>  .       • 


» 
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Exam.  2. 


t'. 


f  I 


v» 


To  Jind  th»  conten U    < 

.  H««;2>i^  +'4t26i,  j=5.  .'6.77ft, tlxe/sum  of tjjie  top  w^ 
bottom. areas;  ^,  8ift4^^x  2.= 117.685, twice  the ^iaa 
of  the  middle  section ;  and  _6.703  +  7.8o6  >C  4  =: 
14.569  X  4  =  58.276,  four  times  the  sum  of  the  areas, 
atone  fwrtby  «P4 'tlwt^ria%.o^^  then, 

'40         82.738  X    40 

held.  ;;■•■  :i; J r'''jlu  .■.;'»,».  '■     '-J  \    afU'  ••  i      oj-f      .  ' '. 


ftSt  GAUOiya  A2fS>  IKCHXKO.  (PAftT.XTf) 

Again,  4.261  x  6.2  ^  26.418  wine  gallons^  the 
content  of  tbecyUttMoal'dDllat.-nlxet);  1275:7d3  + 
26.418  a  ^02.91 1  wine  gallgns,  tJJe  ^ble  content 
requmcL 


«...  —      I      •«•      ■•* » 


•  » 

To  gauge  and  invh  a;  distiller^  s  oval  wa^h^backfH^  f^ 
methpd  of  equitdisiarnkjordmai^*.,  i 


Exam.  1;  ,     . 


Tofindthe.area  of  the  ^ec^nd^Se^tiofu^^ 

Hcre"BF.^  +  33.6  =  6T.2,  Arsumof  the  extreme 
ordinates ;  (59.6  +  79*  +  794  +'  59.6  x  4  =  «78 
X  4  s  1112.0,  &ur  times  the  ^um  of  all  tihe  even  or- 
dinates^  and  (72.6  +  8l.6^'''?^.6)  x  2  =  226.8  xt 
=  453.6,  twice  the  sum  of  all  the  ordinates;  then, 
(67.2  +1112.0  +,*«8.6)iX*4  «^  169^^  X  4  = 
6531.2  square  ini&ea,  the  area  of  that  part  ef  *'the 
•ection  drcmriaeribed  b^  the  i^^.of„|be,.jrea^  and 
the  two  extreme  ordinates.  '[  '^  ^ 

...  "  '[  - 

.    .   6t:«  X  9.4    iai.68      ^' ;^  _       '    j^. 

Again =  — - —  =  210.56  square  wmie% 

the  area  of  the  two  s^jgpnents ;  and  6531.2  -f-  2ia56  = 
6741.76  square. Inches,  die  area  of  the  whole  sedioQ; 
then  6741.76  -r  2^1  =^  ^9^85;  the  area  in  wine 
gallons;    "v  '  *'     '  '"  '••  '  .'"  '^   *  —  •   "   >  - 

'  ^'  '  '  'Tdyndm<n^'6/'tkfi'Hinrd8eeH&n^ 

Here^27:0 , 4-  flT>0^=  pMs  ^^^  ^««fcn<  ^of  the ,  extreme 
ordinates;  (56.1+76.8+76.8+56.1)  x  4  =  265.8  x 
4.==il06Mfr^i&ur:ftuntfiS,l^.«^/of^'dl  the  even  ordi- 
nates: and  69.7  +  r9.0  +  69.7)  X  2  =  218.4  x  2 
=  436.8,  twice  the  sum  of  all  the  odd  oidinates;  then 


>XCT.  IT.)       PISTILLXES^  UTENSILS.  S5^ 

54uO  +  4S6.S  +  1065.2)  X  4  =  1554.0  X  4  =: 
J216.0  square  inches^  the  area  of  that  part  of  the 
lectton  cnrciiBMGfibed  bj  the  sides  of  the  vessel  and 
;he  twoexticnie  ordinates. 

Again, —  ■       =  -— -  =  111.6  square  inches,  the 

3  3 

irea  of  die  two  segments;  and  6216.Q  +  111.6  = 
3527.6  square  inches,  the  area  of  the  whole  section ; 
then  6327.6  -h  ^Sl    c   27.392,  the  ar^i  in  wine 

B^ODS. 

To  find  the  area  of  the  fourth  itection. 

Here  20.4  +  ^0.4  s  40.8,  the  sum  of  the  extreme 
ordinates;  (53.0  +  74.1  +  74.1  +  53.0)  X  4  =:  254.2 
X  4  s=  1016.8,  four  times,  the  som  of  all  the  ^ven  ordi- 
nates (67.0  +  7&4  +  67.0)  x  2  =  210.4  X  2  = 
4S0.8,  twice  the  sum  of  all  the  odd  ordinates ;  then 
(40.8  +  1016.8  +  420.8)  X  4  =  1478.4  X  4  s 
5913.6  square  inches,  the  area  of  that  part  of  the 
section,  drcttmscribed  by  the  side  of  the  vessel  and  the 
two  extreme  ordinates. 


Again^  — ^ =  — -^  =  54.4  square  indies,  the 

S  3 

area  of  the  two  segments ;  and  5013.6  -f  54.4  =^ 

5968^0,  square  inches,  the  area  of  the  whole  section ; 

then  5968.0   -^   231    s=  ^5M5,  the  area  m  wine 

mUods. 


954 


GAVQ^MQ  AKJ>  HfCHlV^  (fMT  ft.) 


A  TABLE, 

Shewing  the  Method  of  Inching  the  fVash-Back^  git^ 

if  this  Exampie, 


iWftiDafTUBtsy 

I  In-        in 
Ches.  Gallons. 


Wet 
In- 
ches. 


CoQt^ts 

in 
Gallons. 


I 


19 


13 


14 


107.652  ;  15 
S0.884 


16 


17 


18 


19 


20 


21 


22 


363.025 
29.185 


Wet 

In- 
ches. 


ContcdUiiWet  CSontcaU 


382.210) 

29.185  1 


411.9651 
29.185 ; 

440580 
29.185 


6 


7  20aS04 
j  3<^84  t 

8  1231.188 
30.884 


9  262.072 

I 

10  292.956 
!  30.884 


11  323.840 
•  '  29.185 


469.765 
29.185 


498w950 
29.165 


528.135 
29.185 


557.320 
29.185 

586.505 
29.- 85 


615.690 
27.392 

643.082 
27.392 


23 


24 


25 


26 


27 


28 


29 


30 


31 
32 


in 
GflUons. 


670.474] 
27.392 


697.866 
27.392 


725  25S 
27308 


752.650 
27.392 


I  Jn«  I      ID 
chea.:Gallois. 


+ 


34  I  967.115 
25bSS5 


35  I  99US0 
25^35 


780.042 
27.382 


36   1918  nJ 


37  il0446Jfi 

'     2SJ35 


807.4S4 
27.392 


834.820 
27.892 


862.218 
27.392 


88a610 
25.835 


3B    I0Ta4S5 
<    2&»5 


»    1096J90 
25J9S 


40    1121l« 


41 


915.445  i 
25.835. 


33   941280 
I  25.835 


U47Jiu 


(tvcTi  V.)         mtvnLLSKs'  fnmiiit.  SM6 

•     To  find  the  area  oftkejirst  sectia'nm 

HeVe  4^.3  4-  44.^  ±:!  811.5,  the  sum  of  the  extreme 
or^inateg;  (06.d  4  8^.2  +  ^2,1  +  66.8)  X  4  == 
^97-9  X  4  ;=  1 191.6,  four  times  the^m  of  all  the  ^Vten 
ordinatea;  (77.6  +  84.2  +  775)  x  t  =i239.3  xi  ±= 
478.6,  twice  the  sum  of  all  the  odd  ordinates ;  then 
{8S.5  +  478.6  +  1191  6)  X  4  =  1758.7  X  4  = 
7034.8  square  inches,  the  area  of  that  part  of  the  sec- 
tion, curcuiBseribed  by  the  side  of  the  Vessel,  and  the 
two  extreme  ordinates. 

Agam, ^ s  — - — -  3r  35^  sqnftre  .uMmeSy  the 

area  of  the  two  segments ;  and  354  +  70^4.^  * 
7388.8  square  inches,  the  area  of  the  whole  section  ; 
then  7388.8  *f  2^1    =*:  51.986,   the   are«  in    wine 

To  find  ihe  area  of  the  second  eedion, 

ti^rt!  89.8  4-  99.^  :it  78.5>  Ibe  nwn  ^  th^e^teme 
o?d*Mites ;  (6i.7  +  81.1  +  81.0  +  62.6>  x  4  =*  «W^ 
X  4  ^  Y149.6,  fo»r  times  ^le  sum  of  Al  th^  «^4Sti 
ofdinaites ;  (74.1  +  81.6  +  75.2)  x  «  =i  «SI.g  X  « 
=468.8,  twice  the  sum  of  all  the  odd  dnHnKtes ;  iSkHk, 
(78.5  +  468.8  +  1149.6)  .X* 4  =1691*9  X  4  =t 
^767<&  squart  ia^wd>  the  area  of  tha^  pari  ••€'  the 
section,  circumscribed  by  the  side  of  the  vessel  and 
the  two  feictrem^  oWJnates* 

Again^^'^  ^  ^'^  =  '^P  =  245.966,  squai^illch. 
3  3 

es,  the  area  of  the  two  s^ments;   and  245.966  + 

6767.6   =   7013.566  square  inches,  the  area  of  the 

whole /lection ;  then  7013.566—  '^31  =  30.861,  the 

area  in  wine  gallons. 

Z2 


^S6  GAJSGIXQ  AND  ngimilKG        (PUT  H.) 

To  find  the  area  of  the  third  sectimL 

Here  32.5  +  32.6  =  65.1,  the  sum  of  tlie  atRor 
ordinates ;  (59-1  +  78.5  +  78.4  +  59-2)  X  4  =«« 
X  4  =:  1100.8,  four  timeB  the  sum  of  all  the  em 
ordiiutet;  (72*7  +  790  +  77-2)  X  2  =  228jxf 
=  457.8,  twioe  the  sum  of  all  the  odd  oidiiiateii  tfas 
(457.8  +  1100.8  +  65.1)  X  4  =  1623.7  X  ♦  = 
6494.8  square  inches,  the  area  of  that  part  of  tk 
section,  orcumscribed  b^  die  sides  of  the  vetid,  9^ 
the  two  extreme  onlinates. 

..    65.1x6.2      403.62  .  . 

Again, =s  — —  =  134.54  aquave  indft 

the  area  of  th^  two  s^pnents ;  and  134.54  -f-  W^ 
=  6629.34  square  inc&es,  the  area  of  the  wiwle  >«• 
tion ;  then  6629.34  -r-  231  =  28.698,  the  ans  In  wi» 
gaUiNuu 

To  find  the  area  of  the  Jour th  wetimL 

Here  25.8  +  25*7  =  51.5,  the  sum  of  theatnae 
ordinate! ;  55.8  +  75.8  +  75.7  +  55JS)  x  4  =  263-1 
X  4  s:  1052.4,  four  times  the  sum  <^  lA  tbe  eien 
ordmates;  (69.5  +  76.4  +  6q,S)  x  2  =  215.4  x  ^ 
ss  4S0.8,  twice  the  sum  of  all  the  odd  ordintii;  tfatf 
(430.8  +  1052.4  +  51.5)  X  4  =  1534.7  X  4  z6l38i 
square  inches,  the  area  of  that  put  of  the  section,  or* 
cumscribed  l^  the  sides  of  the  vessel,  and  tbe  tvB 
extreme  ordinates. 

.     .    51.5x4     206.0      ^^^^  .    .      .. 

Again, — r— -==  — 3—  =  68.66square  mches,  w 

5  3 

area  of  the  two  segments;  and  68.66  +  filS&a:? 
^07*46  square  inc£s,  the  area  of  the  whole  sectka; 
then  6207.46  -r  231  :?  26.872,  the  am  in  wine 
gaHona.' 


fKt 


>   'i<\ 


A  TABLE 

wwingj^  M€tko4cf  HkMHig  %ie'^\isk-Back,  given 

in  this  Example, 


J-  .   K^ 


In- 


Drip 


Gallons. 


15.000 
31.986 


r' 


46.986 
SI«986i| 


9S.9r2 


110.958 
31.986 


WMCoHteots 
In 


in 


■■    ■HI 


142:944 

31.98^ 


6 


174.930 
ai.9B6 


396J916 
31.966 


Ig* 


13 


14 


15 


I  16 


17 


IB 


365.221 
30.361 


Wen 
I  n- 


ConUrttsiW^r  Contents- 
in      If  In-        in 


ebf^i  iGtUOkW.  MdM*  a^B«tti; 


3:^986 

370.888 
31.986 


395.582 
30.361 

30.801 

454.3ai 
30.361 

-.—  » 

I4^6.^6il 

'so.d«n 

517,026 
30.361 

5474^7 
30.361 


23 
24 


695.866  II  34 
28.698 


724.564 

28.698 


tia2(ii 

28.698 


302.874 

;  3i.90& 

1334.860 
3rf361 


19 


20 


577.748 
30,361 

30.361 


lOOe.066 
26  872 


1032.938^ 
26.872 


W1.960 
28  698 


'27   $1'0.658 


2S 


^39.356 
j  28.698 

••1 

28   868.064 

I  28.698. 


1059.810 
26.872 


1086.«!»2 

26.872 


» 


?1 


^2 


638.470. 
2if.i$9R 


-«-r 


667.1(T& 

«9:69g 


31 


3j3 


3S 


896.752 
28.698 


925.450 
'  ^(5.872 


in3.554 
26i8t2l 


1X40.426 
26372 

1107.29* 

26.872; 


952.322 

26.872 


979.194 
26.872 


1194.170 


%i. 


258  80AF  AAireiiee.-  (famvi) 


S1SCTH)N  vr. 

THE  METHOD  OF  OAUOINO  ANB  FIXING  THE  OTBlflUS 
OF  SOAP-HXKBRfj  STARCH-VAKfeftS,  AKD  eU» 
MAUBSs  AS  PRACTISED  IN  THE  EXCISE. 


SOAP  GAUGING. 


PROBL9li. 

To  Jind  ikt  area  and  content  of  a  retiai^mki  hard- 
soap-frame^  in  pourndt  mvoirdupoism 

Exam.  t. 

Pattnds. 
24.1  am. 
4.S  depth. 

1928 
115.68  ooBtait     . 


Exam.  3. 

Pounds* 

241,87 
4k6dqyth. 

14922 
99«8 


114.402  content. 


SSCT,  f  Jr) 

STAECH.^A^ail^G. 

Exam.  4. 

/ficAef. 
43  length. 
.   MbroMklu 

'■?■•'.    - 

172 

4a 

««^, 


S8.oa)€a2(21.4fO,  are^JQ  pounds  hot. 

^7.14)602(22.18,  area  iii  pounds  c6ld. 

Tben  21.5  x  58  =;=  1247A  the  content  in  pounds 
iot;  and  22.18  x  58  s:  1286.44,  the  content  in 
>ounds  cold. 


STARCH  GAUGING. 

PftOBLBM  I. 

To  gauf^  attd  Jut  a  starch'pat  in  the  form  of  a 


psiraUelopipedon: 

Exam.  2. 

Bushels. 

Pounds. 

9.026  area. 

225.65  area. 

28.6  depth: 

2  8.6  depth. 

5415  6 

1353  9  0 

72208 

18052  0 

1805  2 

45130 

258.1486  contoit* 

6453.5  90  content 

Exam.  3, 

Bushds, 

Pimnds. 

10.69  8  area« 

267.4  5  area. 

26.4  depth. 

2  6.4  depth. 

42  792 

10698  0 

64188 

160470 

213  96 

53490 

282.427  2  content. 

7O6Q.6  8  0  content. 

I 
It 

i 

I 


160.  STA«CM  6AMIM/  (PJptt^TI^ 

ExAif .  4. 
Here  (225.8  X  13&Q  «^  M28  =s  S536a£8  ^  2828 


=  12.503,  llie  aret..te  Jmhiiii ;  wd 
312.575,  the  ana  in  pounds,  befoie  iex\ 

Again,  35360.28  ^  2386  j^  ^^SIQ,  tiw  arai  in 
biuhels;  and  14.819  X.25  s  370.475,  tfae  am  in 
pounds,  afta-  fenoenoition. 


PROBLRM  II. 

To  gauge  and  fix  a  starch^raC^  in  the  form  </  tht 

frusimin  &f  a  d4He. 

Tajind  the  areaofiku  second  section. 

Here  (9&4  X  9&4)  4-  3601  =r  920^24^  -r-  3601  = 
2.540  biMhels,  the  area  befoi^  ^rmcsitation ;  and 
9292.96  TT  3038  =  3.058  busfaiels,  the  area  vSiis  fer-- 
mentation.  ,  .     ».         .  . 

To  find  ike  area  of  the  third  aeeiit^n. 

Here  (94.3  x  94.3)  -=-  S6OI  =  8892.49*^  3()01 
=  2.469  biiaihds^  the  ares  htfore  fermentatiiHi ;  ^-tfid 
8892.49^*^  Jte8  =p  2.927  bnahefe,  the^  aieft'alter  i^- 
ifieimii^n* 

Tojbul  the  area  of  the  fourth  s^tioH^^ 

Here  (92,5  X  92.5)  ^  3601  =  8556L25  -r  ^Sfcl 
=  2.376  l^hels,  the  area  before  ferroehtanbi^i  and 
8S56.25  -4-303$  ==  2.8I6  buiihels,  the  area  «IWfcr- 
mentation,' 


SECT.  VI.)  STARCH  OAtraiKG.  Jgl 

Exam.  2. 

Arms.  Qmienis. 

fstsectun  ...  2.677  X  10  =  «6.77,  Fiwt  division, 
oondtectioa ..  2.580  x  10  =  25.80,  Second  divisioii. 
lirdsectioii  ..  2.469  X  10  =  24.6&,  Third  division, 
urthsection  ..  2.376  X  8.6=  20.43,  Paitof  4tlidivis. 

»tent 97.®  Bushels. 

25 

488  45 
1953  8 
tent 2442.25  Pounds. 


Exam.  3. 

Tojind  the  area  of  thejtrat  section. 

Jre  (124.3  x  124.3^  -f-  360l  =  15450.49  H- 
=  4.290  bushels,  tne  area  before  fermentation ; 
[5450.49  y-  3038  s=  5.085  bushels,  the  area 
fermentation. 

Tojvnd  the  area  of  the  second  sectioru 

e  (121^4  X   121.4)   ->  3601    =  14737-96   -r- 
=  4.109  bushels,  the  area  before  fermentation; 
737.96  ~  3038  =  4.851  bushels,  the  area  after- 
tation. 

Tojind  the  area  of  the  third  section* 

(118.3    X    118.3)   -^   3601   =   13994.89  -r- 
3.SS6  bushels,  the  area  before  fermentatimi ; 

»94.S9  -f-  3038  =:  4.606  bushels,  the  area  after 

ation« 

Tojind  the  area  of  the  fourth  section, 

[115.5  X  115.5)  ~  3601  =  13340.25  -4»  3601 
bushels,  the  area  before  fermentation ;  and 
•  -f-  30S8  =  4.391  bushels,  the  area  after  fer- 


{nxt  T!. 


Tojind  the  area  of  tkejiftk  section. 

Here  (112.6  X  11^.6)  -r  S60l  z^  12678.76 -r  3^01 
=  5.580  boshels,  the  tfea  bdore  femicfttttiflP;  ^ 
19678.76  -r  3038  =  4.173  biisKeb,  the  arc*  ifterfe- 
mniUlion. 

Note.-.-Proin  the  diiiiHMkais  given  in  the  question*  andikao' 
(if  the  difl^erent  sections,  found  as  above,  we  form  the  fo!^'  ^ 
Dimrasion  Book. 


DfMENSION  BOOK. 
A.  B:^ Starch  Vat, No.%, gauged Ftb.n,\m^ 

InBSSr 


Diviaons 

in 
Indies. 


Depths 

from  the 

BQttflm. 


1« 
10 
10 
10 
10 


Ml 
Diameters. 


46 
95 


15 

5 


112.6 
11S.5 


25     i     118.3 


121.4 
124.3 


Before  Fer-,  After  Fff- 
.kiMdiatiaB. 


3.5S0 
&704 
3.886 
4.109 
4.290 


4.173  j 

4J91  ! 

4.606' 

4851 
5.085 


PROBLEM  III. 

o  gauge  and  fix  a  waier-'frame^  in  the  farm  of  d 

parallehp  ipedon, 

A  TABLE, 

hewing  ike  Method  of  Tabulating  the  VTater-Frame^ 

given  in  this  Example. 

bry 
In. 


Dry 

In- 

ches. 


12 


13 


14 


15 


i   16 


17 


18 


19 


20 


21 


22 


Contents  in 

Green  Starch 

Pounds. 


3976.740 
198.837 


S777.g03 
198.837 


3579-066 
198.837 


3380.229 
198.837 


3181.392 
198.837 


2988.^55 
198.837 


2783.718 
198.837 


2584.881 
198.837 


2386.044 
198.837 


ches. 


d2 


2^ 


.24 


%5 


26 


27 


28 


29 


30 


2187.207  I 
198.837 

1988.370 


Contents  in  I 
Green  Starch'  *^ 
Pounds. 


1988.370 
198.837 


1789.533 
198.837  i 


1590.696 
198.837 


1391.859 
198.837  ; 


1193.0^2 
198.837 


994.185 
198.837 


795.348 
198.837 


596.511 
198.837 


397.674 
198.837 


31 


32 


^98.8;37 
198.837 


006.000 


Mi  STAECH  G^U^IMe.  (fAKT  TL) 


Exam.  2. 


SSt.O  whole  deptli. 
16.6  diy  inchei. 

15.4  wet  indies. 


Then  198.837,  the  area  in  pounds,  being  mnltipiirc 
by  15.4,  the  wet  inches,  we  obtain  3062.0696 
the  content  required. 


PROBLEM  IV. 

To  gauge  and  Jus  a  Harck^hox  in  the  fwm  ^  « 

foraUeiopipedon* 

Exam.  Z. 

23.5  3  area. 
5.4  depth. 

93  3  2 
116^5 

125.982  content. 


Exam.  3. 


ToJM  the  €ur€a  and  content  ipM  the  Me. 

Inches, 
64.4  length. 
11.6  breadth. 

3864 
644 

Divisor  34.8)747.04(21.4ab. 


^^P'^\V:^  P^^P^  eAVQIK€fc, .  S6£ 


^      <^  .  -1  \  "*  :--..•.•*  I"*  jt.: 


And    21.46    X    6.S  =   135.198,   the  content   in 
lounds. 


'  f  ^  *     ** 


Tojind  the  area  and  client  without  the  slide. 

Inchet.' 

,.64.4ieDgth. 
18.&  Ibreadtb^ 

644      .'    ,  »  '   . 


Divisor  34.8)785.68(2^.57  lbs.  area. 
And  22.57  X  6.3  =  142.191,  the  content  in  pounds.  . 


r  I 


\    » 


GLASS  GAUGING. 

PROBLEM  I. 

To  Jnd  the  area. and  content  of  any  circular  pot,'  used 

in  making  glass* 

^AM.  2. 

To  find  the  area. 

Inches^ 

36.4  diameter. 

36.4  ditto; 


145  6 
2184 
1092 

Divisor  13.39)1324.96(98.95lb.thearea  in  crownglass. 

Also,  1324.96  -f-  12.96  =   102.23  lbs.  the  area  in 
bottle  glass. 

Aa 


(uxtn.) 

Tq  fmd  the  eamUmi. 
Hare  9^  x  39^  =  S^SSSIO^   Oe  eoatam  s 


38.7 
38.T^ittp 


2709 
1101 


DiTkor  14^)1497JQK104.15  lbs.  the  jra  »  Brita^ 


Ak^  1497^  -r-  14^  =  104.58  Dm.  tk 


Hcte  104.15  X  39l8  ^  4145L17Qk  tbe 
poonAi of  Bridsii  pbte^Ms;  «>d  10iw58  x  3!Ms 
4l6a.2S4.  the    .iiiiH  m  pMDdi  rf  GcnM  *«« 


SIGT.  ViJ) 


m 


PROBliiBM  If* 

>)  gauge  and  fix  a  pol  ih  'fX«  form  of  a  et/linder  or 
the  frtuium  of  n  cmm^Srpraiftismti^i'ke  ISxaise. 


A  TABLE 

hewing  the  Method  of  inekihg  the  Pot  given  ih  thift 

ixample. 


bxy  i  (ilQiiiints    iliry  I  ContinU 


In.  Ui 


LiiA 


FqU 

\ 

3 
4 
5 


4i. 


^ 

^ 


0 


31 

1 


-^ 


0.0 
9.8 

-AM 


In- I       in 


1118.2 
9.8 


^^0 

0 


6 
0 


9.8 


826.6 

l!  9.8 


116.8 

I    9.8 


8 
9 

11 


4 
0 


'31 1*0 


6 

0 


_  0   7.0 

4  dt5i»i 

0  1  9.8 

01  1    9.8 


13 


1 ' 


U 
1^ 


0 

1 


3 
0 


2623.8 
9.8 


0   1 


3 

0 


12  \  21  M^4 
9.8 


imi,-Jk 


2 

10 


1 

01 


6.6 

9.8 


9.8 


4.2 

9.8 


0 
1 


5x7 

In- 
ckcSb 


16 
17 


4- 


CoAtents 

in 
C.     Q.  P. 


»    0 
0 


19 
20 


12.6 

-  ^  K  9.^ 


2.8r  I 
9.8 


««t.O 


9.8 


1 
0 

1 
0 


0 
0 


i  >: 


1 
1 

0 

I 
1 


Aa« 


11.2 

9.8 
.^1 


1.4 

9.8 


9.8 


9.8 
9.8 

0.0 


A  GLASS  HAKErS  TABLE  BOOK, 
rTmhU. 


■.car.    cko.  C.  Q.  p. . 


4-   115     14       2    OOK 


,     2 

6  006      9 

1     ::;-t 

16     1  in 

3 

;j  »«r    10 

i    1  !*^ 

17    .  1    OOl. 

4 

s  1  ir  M 

3    OOi 

"fo«»: 

S 

S  oi07    IS 

i  SM 

i  1  : 

19      O  110 

6 

'¥i" 

£     1  \i 

1      ■         i 
SO    .  0   OMV 

Hoe  3&1  X  ^1  ^  1S03.S1>  the  Kituuc  oCtbt  di*- 
BdB':  Mxl  1303.S1  -i-  12.96  =  10a«5>  tbegrwi 
am.  One-fifth  of  this  am  is  s  SO.l  1 ;  then  100.5i 
—  aO.ll  =  «a44,  the  net  area  of  the  sectian:  and 
W.M  X  fi  =  48S.64  pooDda,  the  B«t  909 tent  of  tfw 


^SEOT.  Vti) 


stata*  ifARnM. 


Tim 


Second  tecUoH  and  dinttion. 

Here  32^    X  S2.S  =  104^:29,  the  square  of  the 

Jiaraeter;  and  t04S.39  -jr   13-96  =  80.50,  the  gross 

uea.     Otiff-Mh  of  thie  area  is  =  16.I0;  then  80.50 

—  16.10  r:  64.40,  the  net  area  of  the  section;  and 
€4.40  X  10^  644.ee  poamk,  the  net  eoot^itof  die 
division. 

'  Tlard  laUiaa.  and  diviMwa. 

Here  S9.5  X  29-5  =  870.35,  the  iqiwpe  «rf  the 
diameter;  and  870.25  -r  14.96  =  67.14,  the  twws 
area,    One-fi(W»  of  this  aitett  ia  =  18.42;  titoi  07-14 

—  18.43  =:  58.72,  Ibe  net  drea  of  dte  seetion ;  and 
53.72  X  10  =  537-2,  the  net  areai  of  the  seetion ;,  and 
53.72  X  10  =  537.20  pouhdi,  the  nrt  contend  of!  the 
division. 

Fourth  tetlioA  and  divMMn. 
Here  23.5  x  25.5,  =  650.25,  the  squitfe  ot  the 
aiuaeter,-  and  6sa25  -~  12-96  =  60.i7,  tHe  gross 
area.  Oue.fifth  of  this  ana  ia  =  10il3  ;  then  50.17  — 
10.08  =40.14t  theiwtareaoJtbeMotiMi;  and  40.14 
X  7  =  2*09.8  pounds,  the  net  content  of  the  division. 


Armu  and  tamUttti  cMeated  and  redmeeA  into  hundred 
toeighU,  quarters,  and  pounds. 


S«  Areas  of  the  Sections  iii  \Utl  CoNientB  of  the 

btv^ion.B.1 

Pound.. 

C    Q      P.    1 

.1 

BO.4*  ,  0;   3:^4.4.4  1     1 

-Mfikfi* 

4 

1 

€164 

i 

64,40 

0   2 

08.40  1      2 

644.00 

S 

3 

aoo 

s 

53.73 

Oi  1 

25.78        » 

587.20 

4 

3i 

5.20 

4 

40.14 

0    1 

12.1*!      4 

280-98^ 

« 

2 

0.98 

wle  ranie 

t  oftb 

PdI.      ■; 

li9pM.8a'l7l  lll«.82| 

«70 


QLJLBB  OAUGIlia. 


(pAit  n) 


A  TABLE 

Shewing  the  Method  of  inching  the  Pot^  gittn  ix  \\ 

ExampUm 


Dry 
In- 

Contents 
in 
C.Q.      P. 

Dry 

In- 

ches. 

Contents 
in 
C.  Q.       P. 

Dry 
In- 

ches. 

26 

• 

1    Contents 
i          in 
C.  Q.     P. 

1 
2 
3 

'4 
6 

6 

• 

7 

8 

9 

10 

a 

12 

17 

0 

16 
0 

1 
2 

1282 
24.44 

13 
14 

15 

16 

• 

n 

IS 

19 

■ 

20 
81 

2$ 

i 
24 

t 
25 

9 

0 

8 
0 

7 
0 

7 
0 

1 

0 
6 

5 
0 

0 
2 

1 

2 

3 
2 

0S.38 
08.40 

!  2 

'  0 
L 

2  oas6 

Ij  1114 

2 
2 

16.88 
2444 

22.98 
08.40 

97      2  Ol  16S4 
1  0  1   1114 

15 

0 

3 

2 

19.94 
2444 

1458 

oa4o 

28 
29 

=  13 
0   1 

i  04.70 
1«J4 

»M 
J1I4 

1114 

«4ft 

1114 

1114 

j  1114 

15 
0 

0 
2 

23.50 
2444 

1 
1 

3 

1 

1 
1 

06.18 
25.72 

.  1 
'  0 

1 

1 
1 

c 

1 

14   1 
0   2 

27.06 
2444 

08.46 
25.72 

30 
31 
32 
33 

1 

I 

0 

13 
0 

IS 
0 

S 
2 

02.62 
2444 

10.74 
25.72 

h 

2 

1 

2 

06.18 

oa4o 

1 

iao2 

25.72 

0 
0 

0 

1 
1 

12   1 

0  2 

1 

25k78 
08.40 

5    1 

0    1 

15.S0 
25.72 

^  00-00 

1 

1 

11 

i 

3 
2 

17.38 
08.40 

4 
0 

4 
0 

13 
1 

.17.58 
25.72 

11 

0 

1 
2 

0a98 
08.40 

1 
1 

19.86 
25.72 

1 

10 
0 

3 
2 

00.58 
08.40 

3;  3  22.14 

O'  1   25.72 

1     1 

10 
0 

0 
2 

20.18 
U8.40 

3|  Ij  2442 

0   r  25.72 

1 

9 
0 

2 

2 

11.78 
08.40 

2  3  26.70 
0   1   25.72 

1 

CftXCT.  TL)  CA.HBUB6.!   -  t7t 


CANDLES. 

* 

I 
/  • 

THE  METHOD  OT  ESTIMATING  THE  WEIGHT  OF  CANDLE^, 
BOTH  BY  THE  PEN  AND  THE  SUDINO'rULS. 

Problem. 

Given  the  number  of  candles  in  one',  pounds  the  num- 
ber on  one  rod^  and  the  number  of  rods^  to^find  the 
whole  weight  in  pmmcU,  ^ 

Exam.  2. 

BY  THE  PBN. 

25 
28 

50  , 

lg)700 


584  lbs.  An*, 


•3 


On  A     OnB,      On  A.    On  B, 

As  12     :      48  ::    24     :      96    Am. 


Exam.  3. 
by  the  sliding  rule, 


On  A.    OnB.    On  A.    On  B. 

16   :  so  ;:  32    :  6oibs. 
:  34  ::  36   :  68  ibs. 

Sura  ...... .M«M 123  lbs,  Ahsn 


A    J  16 
A*il8 


(jTA&T  Tl.> 


ATA2Ii 


XA  ?: 


"r^ 

esBSK 

^1 

JIlllMtM 

ff 

1  » 

• 
in 

•  JS 

*        w_ 

^lU 

* 

» 

as 

* 

> 

A. 

:i:4 

r 

4» 

9^m 

1. 

» 

r 

3 

« 

1 
■  • 

s 

5 

r 

P 

a 

i. 

It 

• 

% 

r 

•I 

3 

J 
I 

n?.c 

S 

13 
1 

3 

J&J& 

« 

•» 

« 

3 

a 

i. 

it:4 

• 

I 

3 

IK  4 

1 

■ 

1 

1 

• 

9 

h 

3 

i£rf 

•     t 

11 

« 

•IKJIf 

II 

i 

SL7t 

:a 

i! 

4 

3 

A. 

«K 

II 

2 

S 
> 

i 

r 

4ir* 

;_» 

4 

I 

&7V7 
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PROBLEM  IL 

To  find  the  area  and  content  of  a  cylindrical  vessel^  in 
Irish  malt  hiuhels^  and  liquid  gallons. 

I£XABI«    i6« 

<  '  ■ 

Here  82.4  x  82,4  =  6789.76,  the  square  of  the  dia- 
meter;  and  6789.76  4- 2773.1  =2.448,  the  area  in 
Irish  malt  bushels ;  also,  6789.76  -f-  277.05  =  24.507, 
the  area  in  Irish  liquid  gallons;  then  2.448  X  52.6  = 
128.7648,  the  content  of.  the  vessel,  in  Irish  malt 
bushels;  and  24.507  X  52.6  =  1289.0682,  the  content 
in  Irish  liquid  gallons. 


>  i 


PROBLEM  in. 

To  reduce  Irish  measure  to  English  measure^ 

Here  1,0128   x   26S5   =  271^.368,  English  malt 
bush'ete.         i  •     '. 

RXAM.  4. 

_       I '      '    '    , 

Here  .9419  X  2864  =  2697*6016,  English  wme 
gallmis, 

^      !^XAM.    5* 

Here  56  x  32  =  lT92,'.the  number  of  gallons, 
according  to  the  gauge  in  IrelaiMJ^;  aiul  «77l6  x  1792 
=  1382.7072,  me  number  of  English' ale  gallons; 
then,  1882.7  -r-  S6=;  SS'.barreH  14.7  galloriB^.the 
answer  required. 


•        (iHT^) 


PSOBLKM  IV. 

=  M79L4915  galbtB,  Irish 


LJIK5  X  SSSi  :^  3857.191  ffAn,  Irisii 


>MI 


GRAVITY, 

PBOUJKM  L 


18S    U 

45      9  tneoTAe 


141      3  — d  wt^hiof  thcyito 


q» :  141    s ::  itm 

1« 


141  8510 


DEiiw  9e>$9085JiC4Ctt  csfaic  iadt« 


oz.        lb.    oz.      ctf.  in,    cv.  in, 
AslotfS  :  «;    IQr:  17«A  :  *9»4w    the    content 
"equired 

Exam.  4. 

oz,     lb,  oz*    cu,  tif.     cu.  in. 
As  925  :  56  ^^  r:^  17S&   :   lfiB%  ^   content   re- 
Hired. 


To  find  the  weight  of  a  b^ffu  from  its  magnitude* 

cu.  in.      goL    cu.  in»       as*        oz, 
i  1728     :     36  X  282  :t  HM*  t'  6074   =   3  cwt 
r.  15  lb.  10  oz.  the  weight  vpqiiiitBd. 

ere  12  x  12  X  6a  =  144  x  63  =  9072  cubic  feet^ 

tolU&ty  of  Ae«tonc;  then,  as  1ft; :  905*2  ft. : :  2T0O 

244944O0^z. ;  and24494400  -^  35840  s  663.43T5 

which  is  nearly  equal  to  the  burthen  of  an  East 

I  ship. 


916  aaiF  GAVOniG.  (rAKin.) 

Tke  Metkod  of  BttimuOing 

THE  TONNAGE  OP  SHIPS. 


CASEK 

fnem  ike  oetfd  u  loul  dry. 

Exam.  52. 


Gioii  kn^  106.75  ofdie  ked. 
89^5x1=    ^TTO  Ae  deductko- 

Tnie  kngdi    91.05  diffierenoe. 

893  hwiidth  of  Ae  beun. 

45525 
819^ 
18210 

2685.975  lint  prodnct. 
14w75  hftlf  the  IxvmMl 


134298  75 
1880188  5 
10749900 
2685975 

89618.13125 


ThcB  89618.18125  -^  9«  =3  421.46948  toss,  the 
bnitlicn  required* 

CASE  II. 
IP'icii  tie  veuei  is  afiooi. 


Mere  150.75  X  50.5  x  25J25  =  7612.875  X  S5i5 
192225.09875  ;  and  192225.09875  -7-  9*  =:  2044JH7^ 
tons,  thelmrdien  lequired. 


&tJX£S  FOB  BEBUCIVO  SPIBITSk  ^Tt 

RULES  FOR  REDUCING  SPIRITS  OF  ANY  GIVEN 
STRENGTH,    TO    ANY    REQUIRED    STRENGTH. 

■raBLIMlMARY  OBSERVATIONS. 

By  Act  of  Parliament  all  spirits  imported  from 
reland  or  Scotland  into  England^  of  different  strengths 
id  different  quantities^  are  reduced  to  seven  per 
ent.  over  hydrometer  proof. 

It  is  also  enacted  that  all  spirits  made  in  Ireland^ 
id  exported  from  thence  into  England,  at  a  strength 
cceedmg  25  per  cent  above  proof,  are  seizable,  and 
ly  sprits  made  in  England  or  Scotland,  and  export^ 
Bfta  lihence  into  Ireland  exceeding  the  above  strength 
e  also  seizable.  - 

No  foreign  spirits  shall  be  imported  and  warehoused, 

^xpbrt^  in  any  boat  less  than  70  tons  burthen, 

in  any  cask  of  less  than  100  gallons ;  unless  it 
•gears  to  be  occasioned  from  the  leakage  of  a  cask 
other  accident,  and  without  intention  of  fraud. 
On  the  landing  of  such  spirits,  it  must  be  reduced 
7  per  cent  over  proof,  but  it  shall  not  be  forfeited 
•  any  excess  or  deficiency  of  strength  of  any  such 
irits  being  not  more  than  3  per  cent  above  or  be<< 
V  the  strength  of  such  spirits  specified  in  the  per« 

t- 

British  plantation  rum  may^  be  imported  and  ware- 
used  in  cadks  of  60  gallons,  or  upwards. 
Foreign  wine  not  to  be  imported  and  warehoused 
casks  less  than  45  gallons  each,  or  in  vessels  less 
iSL  60  tons  burden. 

\}1  British  spirits  of  a  greater  strength  than  45  per 
it.  above  proof  by  Sykes's  Hydrometer,  shall  be 
fined  spirits  of  wine. 

spirits  manufactured  and  imported  from  Scotland 
^  England,  of  a  greater  strength  than  7  per  cent 
rve  proof,  and  not  exceeding  10  per  cent  above 
of,  shall  not  be  forfeited,  but  be  charged  with  a 
iher  duty  proportioned  to  their  surplus  strength, 
t  would  be  quite  superfluous  to  tr^t  upon  the  use 

Bb 
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and  description  of  the  Hydrometer  here,  is  there  is 
alwap  a  proper  book  ^  inatmctioM  gheti  nM  the 
instrumeiit 

1.  To  calciUaU  anjf  gwen  quanidiff  offrooj  tfinU 
in  any  other  given  quantity^  either  ahove^  or  bdov 
Mydrotneter  procj* 

RULE  L 

ff%en  the  gpiriti  are  above  proof. 

Multiply  the  given  qiumttty  by  the  nte  pvctet 
above  preofj  divide  the  prodaiet.  by  100>  add  theq"** 
tient  to  the  given  quantity,  and  Ae  mm  wiB  be  Ae 
quantity  of  proof  spirits  required. 

RULE  n. 

tfhen  the  spirits  are  under  pro(f* 

Multiply  the  given  quandtyby  the  nttpiroent. 
under  proof»  divide  the  prodnist  by  100,  safitnct  the 
quotient  from  the  given  quantity,  and  the  nDuindcr 
will  be-Aie  fuantt^  ofptM  spirits  reqidred. 

EXAMPLES. 

1.  If  a  puncheon  of  rum  contain  124  gaOons,  at  the 
strength  of  15  per  cent,  over  hydrometer  proof,  how 
many  gallons  of  proof  spirits  does  it  omtain. 

124  gauged  quantitjr, 
15  rate  per  ooit. 

020 
124 

Divisor  100)1855 

18.6  galkms  over  praof. 
124    gtuged  quantitgr. 

142.6  proof  spkits  required. 


2  How  many  gallons  of  proof  spirits  does  the  fore- 
going puncheoin  contain^  at  westroigth  of  15  per  cent, 
underproof. 

m 

1S4  gauged  quantity. 
15  rate  per  cent 

620 
124 

Divisor  100)1860 


18.6  gallons  under  procrfl 

Then  124  —  18.6  =s  105.4  gallons  of  proof  spirits^ 

3.  Admit  a  cask  of  spirits  to  contain  132  gallons^ ' 
it  the  strength  of  20.5  percent,  over  pro(^  re€|uired 
he  number  of  gallons  when  reduced  to  proof  spurits. 

Here,  (132  x  20.5)  4- 100  =r  2706  -^  100  =27.06 
:allons  above  proof^  then  132  +  27.06  z^  159.06 
:all(His  of  proof  spirits  required, 

^oftf.— *Proof  spirits  may  bereduoed  to  either  above  or  below 

proof,  by  the  preceding  rules. 

.  To  reduce  spirits  cf  any  given  strength  obove  7  per 
cent.  O.  P.  9  to  the  strength  of  7  per  centm  above 
Hydrometer  proof  » 

RULE. 

As  107  is  to  100  with  the  given  rate  per  oent,  so 
the  given  quantity,  to  the  quantity  requured. 

BXAUPLS. 

A  merchant  imports  21010  gallons  of  q[>irits,  at  the 
renglJi  of  20.5  per  cent,  above  proof;  how  many 
illons  when  vedueed  to  7  pei^  cent,  above  proof. 

As  107  ;  120.5  ;;  «1010  :  23660.79  gallons  of 
oof  spirits  required. 

Bba 
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3.  To  calculate  whether  the  produce  of  any  (SMlaivM 
exceeds  the  Dietiller'^e  credit  of  19  gallonM  of  tpiriu 
at  8  per  cent,  above  proofs  to  1^00  gaUont  of  »rt 
or  wash  distilled^ 

RULE. 

Redact  the  whole  quantity  distilled,  at  Waai 
degrees  of  strength^  to  8  per  cent,  above  proo(  divide 
the  number  of  gallons  of  wash  by  100^  multi{^tiK 
quotient  by  19,  and  the  product  will  be  the  mnBbff 
of  gallons  he  is  allowed  to  make^  the  diffieRnoeb^ 
tween  the  quantity  reduced  to  8  per  cent,  above  pnx£ 
uad  the  last  number  will  be  the  excess  or  defect 

SXAMPLE. 

Suppose  a  ^stiller  made  2200  gallons  of  spoits  t 
8.5  per  cent  O.  P.,  1300  gallons  at  7  per  coit  p.  P-» 
and  600  gallons  of  feints  at  68  per  cent.  U.  P.;  ^ 
18000  gaUons  of  wash^  required  the  excess  or  defied 
of  his  quantity  allowed  by  act  of  Parliament 

2200  X  108.5  =  258700 

1800  X  107     =  lS910a 

600  X    32     =  ,19200 

Divisor  108)397000(3675.92  gaBons^ 
made  at  8  per  cent  O.  P^ 

18000 

Then  i-^  X  19  =  ISO  x  t9  =z  S42ag«B«o^ 

100 

his  wort  is  allowed  to  make ; 

And  3675.92  -  3420  =  255.92  gallons  above  his 
credit^  which  must- be  charged  with  9s.  2id.  pergtUce, 
in  addition  to  att  other  duties.  CSee  thefoBamwg  nott.; 

K(ac"^lf  any  distiller  oE  spirits  in  Eiiglaiid»  ahiA  m  Ibe^ 
ending  on  the  5th  of  July,  in  every  year,  make  or  prodooe  iras 
wort  or  wash  made  from  malt,  com,  grain^  or  tilta,  or  soy  "iX' 
ture  therewith,  any  quantity  of  spirits  exceeding  upon  the  veJfi 
of  bis  work  in  such  year,  the  propartkkQ  xtt  19  gaUoQi  of  ipriti'' 
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the  strength  of  8  per  cent,  above  (iroof,  for  every  100  gallons  of 
wort,  or  wash  so  cUstillecU  he  shall,  in  lieu  of  any  penalty  for  the 
excess,  pay  duty  for  all  spirits  exceeding  the  proportion  upon  such 
average,  after  the  rate  of  9s.  tffi.  for  every  gallon  of  such  excess, 
over  and  above  all  other  duties. 


4,  To  eiiinuUe  a  Redifier^i  stock* 

EULE. 

Reduce  the  whole  of  his  stock  at'dlffereiit  degrees 
of  strength  (spirits  <^  wine  excepted)  to  7  per  cent. 
O.  P.4  increase  his  istock  at  that  strength  by  one-half 
thereof,  also  by  twice  the  number  of  gallons  of  spirits 
of  win/s,  and  the  sum  will  be  the  quantity  of  spirits 
tor  the  rectifier's  credit, 

VXAMPLfi. 

A  rectifier  hw  300  gallons  of  spirits  at  7*5  per  cent 
3.  P.,  410  gallons  at  15  per  cent  O.  P.,  900  gallons  at 
15  per  cent  O.  P.;  and  ^00  gallons  of  spirits  rf  wine ] 
ifhat  is  his  credit? 

Here  300  x  1075  =    32230 
410  X  115     =    47150 

900X125     =5.112500  [[per  cent  O.  P. 

Pivisor  107)191906(1793.45  gallons  at  7 

896.72  one-half, 
200  X  2  =  400      spiritsofwine. 

His  credit  3090,17  gaUons. 

j^ote^-^Asfj  surplus  found  on  halaneii^  a  rectifiei^s  stock,  b  re* 
need  to  f  per  cent,  above  prooC*  by  mult^ying  the  given  quantity 
y  2»  and  dividing  the  product  by  3» 
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DUTIES- 

DCTZES,  ALLOW- 

mJ    UCENCESr 

^' d^  Grwmik  Fnita. 

^LEJT  BBITAiy  m  IBL> 


2]  Duties. — Brick$  and  T^tes-^Cofi^Bes-'^qfee. 

By  an  act  of  43  6.  3t  c.  699  every  common  brewer  is  allowed 
3  barrels  in  every  36,  or  -^  part ;  whence  lOs.  —  ^^  a  98.  lOd. 
the  duty  which  must  be  charged  upon  every  barrel  of  strong  beer 
or  ale ;  the  same  may  be  observed  with  tablebeer. 

BRICKS  AND  TILES. 

For  every  thousand  of  bricks,  not  exceeding  any  of  the  1  <£.  8.  d. 

following  dimensions,  that  is  to  say,  ten  inches  bmg,  >  0    5  10 

3  inches  thick,  and  five  inches  wide  .-  S 

For  every  thousand  ofbricks,  exceeding  any  of  the  fbre-  ^  a  i  q    q 

going  dimensions ( 

^or  every  thousand  of  bricks,  smoothed  or  polished^  f 

not  exceeding  ten  inches  long,  three  inches  thick,  >  0  12  10 

and  five  inches  wide .,,.  j 

For  every  hundred  of  bricks,  smoothed  or  polished,  ex-  I  a    o     e 

ceeding  any  of  the  foregoing  dimensions  • ) 

For  every  thousand  of  plain  tiles - 0    5    8 

For  every  thousand  of  pan  or  ridge  tiles 0  12  10" 

For  every  hundred  of  paving  tiles,  not  exceeding  ten  ?  ^    a    ^ 

inches  square \ 

For  every  hundred  of   paving   tiles,    exceeding  ten  /  ^    4  10 

inches  square  S 

For  every  thousand  tiles,  other  than  such  as  are  before  r  q  -  4  |i) 

enumerated  or  described \ 

All  Irish  bricks  and  tiles  of  the  above  denomination,  imported  into, 
6reat  Britain  from  Ireland,  are  subject  to  the  same  duties. 

CANDLES. 

jFor  every  pound  weight  of  tallow  candles,,  and  other  1 
candles  whatsoever,   except    wax   and  spermaceti  >0    0    t 
candles ^ „,, I 

For    every   pound,  weight  of    wax   or    spermaceti  r  a    n    oi. 

candles , S"    "    ^ 

All  Irish  candles  imported  intp  Great  Britain  from  Ireland,  are 

subject  to  the  same  duties.. 

For  the  method  of  charging  the  duties  on  exciseable  commodities. 

by  the  pound,  weight  avoirdupoist.  see  tlie  remark,,  page  78,  Table 

1,2,  in  the  Gauging. 

COFFEE,. 

S'or  evei^  pound  weight  of  coflfee  or  cocoa  nuts,  tiie 

produce   of   any  British   colony  or  plantation    infQ    •■     q 
America,, or  the  West  Indies  iiK  Africa,  imported  into  f 
Great  Britain 

ifor  every  pound  weight  of  coUbe,  or  cocoa  nuts,  im- 
ported into  Great  Britain  by  the  East  India  Com-^0     1    6 
pany  ...^ 

Por  every  pound  weight  of  all  other  coffiee  or  cocoa  (  q    o    g 
QUtSi' imported: into  Great  Britain> »..r^..  ....  '' 


[i 


^"     ^^ 


yODi, 


_    % 


;i «» 


-2,     » 


*- 
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Duties.— IK&raiM?  Skins. 


JL  s.  ^ 


or  every  hundred  weight  of  aU  other  Irish  windoir 
glass,  not  being  spread  glass,  whether  flashed  or 
otherwise   manufactured,    and   commonly    called 

crown  glass  or  German  sheet  glass ^ 

or  every  dozen  of  reputed  quart  bottles  of  common^ 

greenglass ^ , .,.,  j  0 

or  every  hundred  weight  of  vessels  made  useof  ii"' 
chemical  laboratories,  and  of  garden  glasses,  and 
of  all  other  vessels  or  utensils  of  common  bottle 
metal,  manufactured  in  Ireland,  common  bottles  ex- 
cepted  ,.  ,,,,^, 

^or  every  hundred  weight  of  any  sort  or  species  of} 
Irish  glass,  not  herein  befiore  enumerated  or  descci 
bed  

-"•or  every  hundred  weight  of  plate  glass  and  all  otherY 
glass  manufactures,  imported  from  beyond  the  seas,  [ 
not  being  flasks  in  which  wine  or  oil  shall  or  may  V   6    9 
be  imported,  nor  foreign  green  glass  bottles,  nor  j 
Irish  glass  or  glass  manufactures  »«•....»..»»» J 
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HIDES  AND  SKINS  TANNED. 


Per  every  pound  weight  of  hides  of  what  kind  soever," 
and  of  calve  skins,  kips,  hog  skins,  dogs  skins,  and 
seal  skins,  which  shall  be  tanned,  and  of  sheep  skins 
and  lainb  skins,  which  shall  be  tanned  for  gloves 
andbazils .»...,, 

For  every  dozen  of  goat  skins  tanned  with  shomack, ' 
or  otherwise,  to  resemble  Spanish  leather 

^or  every  dozen  of  sheep  skins  tanned  for  roans,  being  r    ^ 
after  Uie  nature  of  Spanish  leather v    " 

^^{jr  every  pound  weight  of  all  other  skins,  and  of  all  J 
parts  and  pieces  of  hides  and  skins,  not  herein  be-  v  0    0    6 
fore  enumerated ^ .,*. S 


0  0  H 


0    4   o 
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.  TAWED. 

^or  all  hides  of  horses,  mares,  and  geldings,  which 
shall  he  dressed  in.  alum  and  salt,  or  meal,  or  otheiv  >•  O 
wise  tawed  »  for  every  such  hide 

For  all  hides;  of  steers,  cows,  or  any  other  hides  of  1 
what  kind  soever,  those  of  horses,  mares,  and  geld-  >  0 
ings  excepted ;  for  every  such  hide...... j 

••or  every  pound  weight  of  all  calve  skins,  kips,  and  >    ^ 
seal  sidns , C  ^ 

'or  every  dozen  of  slink  calve  skins,  dressed  or  tawtid  f    ^ 
with  the  bahr  on •.. .%......  V 


I    6 
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SBESSED  IK  COL. 


HOF& 


S]  litn^rBA^^-^^iOt^Mediiiir  Me0i^in^p&per. 


t. 


6 


2  6 
t    6 

3  6 


4    6 
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MALT. 

For  every  bushel  of  malt  which  shall  be  made  in  Eh-  > 

gland  ftom  bariey,  or  any  other  com  or  grain v  ^ 

For  every  bushel  of  malt  made  in  Scotland  from  bartey  \ 

-  or  any  other  corn  or  grain \   " 

For  every  bushel  of  malt  ti^faSeh  iSkOL  be  bxoi^  fnmi  7 

Scotland  into  England  without  a  certificate \  ^ 

1^  every  bushel  of  malt  unground,  made  in  Ireland,  } 
and  imported  into  Bnghmd ....  S 

MEAD  OR  METHEQLIN. 

For  every  galkm  of  mead  tt  methegUn,  which  ahall  ? 

be  made  for  sale , J  ^ 

For  every  gallon  of  mead  or  metb^Iin  inqported  into  1 

Great  Britain,  not  being  Irish  metheglin  or  mead,  I- 

imported  from  Ireland  ^ * J 

For  every  gdlon  of  metheglin  or  mead  imported  fiwn  7 

Ireland , ■.....^..., ^  J 

PAPEH. 

For  every  pcund  wei^^t,  of  paper  of  the  first  class  or' 
denomitiationy'  that  is  tp  say,  all  paper  other  than 
brown  paper  made  of  eld  ropes  or  oMdage  only, 
without  separating  or  extracting  the  pitch  or  lar,  }•  0  0  3 
or  any  part  therefrom,  and  not  being  glased  paper 
for  clo&icrs  and  hot  presses,  or  sheathing  paper, 
or  bu tton«paper,  or  button-board 

For  every  pound  weight*  of  paper  of  the  second  chas' 
or  deoomination,  that  is  to  si^,  all  bi^wn  paper] 
niade  of  old  rop^  or  cordage  only,  as  before  flpe«| 
cified , 

For  every  hundred  weight  of  glazed  paper  for  clothiers  1 
and  hot-pressers,  and  of  mill-boards  and  scale- > 
boards » j 

F*or  every  hundred  weight  of  sheathing  paper,  button-  ~ 
paper,  and  button-board 

?or  eVe^  hundred  wei^t  of  paste-board  miule  from  r 
paper  wholly  of  the  second  class \   ^ 

^ov  every  hundred  weight  of  paste  board  made  wholly 
or  in  part  from   paper,  itidfl^MMtrd,   button-board, 
button-paper,   glazed  paper,   or  sheathing    paper,  \  • 
other  than  paper  of  the  second  class  or  ctenomina- 
tion  •• * 


0    0    li 


1     1    0 


1     1    0 
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All  glazed,  or  other  paper  emiehed,  or  pressed  together,  without 
he  uaeof  paste,  with  any  sheet  of  paper  of  the  same  or  any  other 
lass  materialflt  is  daeOMd  fMlg40t,  iUMl  ttiUi,  to  the  same  duty  as 
he  first  class  p^ier. 


lymMM^^PrkUed  Good$—Pefper^tk  [1 


IrWi  papu  of  an  dw  iteve  deooPMiMitioBiy  inported  mto  Grat 
Bribun  froD  IrelaDd,  w  mb^oct  totiie  smie  *hT**fi 

For  cvciy  pound  weigbt  of  books  Mbg&er  haaoA  at'i  £,  t,  i 
vnbouod,  and  of  mapa,  or  priDts  imported  intaV  0  0  3 
Grett  Briiain  fraoi  Irelaod  -• •  •••••........•• ) 

PRINTED  GOODS. 

For  eroyjsdsciiiaTe  of  paper  which  shall  be  printed,)  ^  ^  , 
painced,  or  stained  to  aerre  fior  hangings  or  other  uses  C 

For  every  yard  square  of  Irish  printed*  painted,  or  i 
stained  papers,  to  serve  tar  hangings  or  other  nses  >  0  0  :\ 
imparted  into  Great  Britain  from  Irdand  ) 

For  ereiy  yard  in  length,  reckoning  yard  wide,  of] 
fcueigu   calico,  and   of  fbre^n  musiinj    printed,  I    ^  a  • 
stained,  painted,  or  dyed,  ezoqit  such  as  shall  be  i 
djtd  throughout  of  one  oolom*  only •.... 

For  ereiy  yard  in  length,  reckoning  yard  wide,  of  all^ 
hncns,  and  of  stii£&  wholly  made  of  cotton  wool, 
commcmly  called  Britirii  manu&ctory,  and  of  Bri- 
tish muslins,  and  of  all  fiisrians,  rdreCs,  vdverets, 
dimities^  and  other  figured  stu^  made  of  oottoo 
and  other  materials  mized,  or  wholly  made  of^ 
cotton  wool  wove  in  Gteat  Britain,  and  of  all  other 
stuA  whatsoever,  which  shall  be  printed,  stained, 
painted,  or  dyed,  except  such  as  shall  be  dyed 
throughout  of  one  cokmr  only,  and  stullb  made  of  t 
woollen,  or  whereof  the  gieaieat  part  in  value  shall  I 
be  woollen  M - J 

For  every  yard  square  of  sUks  of  whataoever  kind,  1 
printed,  painted,  stained,  or  dyed,  ezoept  sodi  as  >  0  C 
shall  be  dyed  throughout  of  one  oohmr  oidy ^  J 


.  0  P 


Irish  printed  goods  impocted  into  GMtt  Britain  from  iitU^ 

subject  to  the  same  duties. 

All  calicoes  printed,  painted,  or  stained,  shall  pay  as  jvi 

if  within,  or  not  exoeedug,  one-e^th  of  a  yard- 
All  ribbands  and  sOks,  printed,  painted,  or  stained,  thouf 

than  half  a  yard  in  breadth,  are  declared  to  be  within  the  - 

IRg. 


For  every  pound  wei^  tf  aU  pepper«  not  being  cay- 1   q  : 


PEPPER. 

tf  aU  pepper* 
enne,  loi^  Pepper,  or  Guinea  pepper 

SALT. 

aalt,«ri 
work  in  Ei^glaad 


For  every  bahd  of  salt,  «r  rack  salt,  made  at  any  salt  ?   q  « 


I]  Duties. «<^5bap — Brifish  Spirits. 

Sixty-five  pounds  weight  of  rock  salt  shall  be  deemed  a  bushel 
f  rock  salt ;  and  of  every  other  kind  of  salt»  not  being  rock 
ilty  fifty-six  pounds  weight  shall  be  deemed  a  bushel. 

orevery  ton  of  all  mineral  alkali  called  soda  1  10    0 

or  every  bushel  of  foreign  salt  imported  into  Great  1   q    2    3 
Britain,  not  being  Iri.«h  salt  imported  from  Ireland  S 
or  every  bushel  of  rock  salt  imported  from  Ireland  C   o    9    a 
into  Great  Britain,  or  from  Scotland  into  England  ..-. 
3r  every  bushel  of  coarse  and  impure  rock  salt  de- 
livered from  any  salt  pit,  mine,  or  warehouse,  in 
lumps  of  not  less  than  20  lbs.  weight,  for  the  pur-  I   q    q    g 
pose  of  feeding,  or  mixing  with  the  food  of  \sheep 
and  cattle,  or  steeping  wSd,  or  preserving  hay,  or 

being  employed  as  manure  for  land 

•r  every  bushel  of  rock  salt  exported  to  parts  beyond  ^   n    0    1 

the  seas,  other  than  Ireland ) 

r  every  hundred  weight  of  salted  beef,  or  pork  or 
bacon,'^or  other  flesh  brought  ttom  Scotland  to  ^  0    0    6 
England  «.... .•».......•.... 

SOAP. 


*  every  pound  weight  of  hard  cake  soap,  or  ball  ?    q    q    3 
•oap ) 

•  every  pound  weight  of  soft  soap 0    0    1} 

BRITISH  SPIRITS. 

every  gallon  of  wort  or  wash,  brewed  or  madel 
..  tmi  any  malt,  corn,  grain,  or  tilts,  or  any  mixture  C   q    2    0 
lerewith,  for  extracting  spirits  in  England  for  home  C 

i^msumption I t j 

every  gallon  of  cyder,  or  perry,  or  any  sort  of  1 
:,ritish  ntaterials,  except  such  as  are  before  men-  >  0    1     3 

'^Dned J 

.*every  gallon  of  wort  or  wash  brewed  from  melasses  1 
\  {•  sugar,  or  any  mixture  therewith,  for  extracting  >  0     2    6 

tirits  for  home  consumption J 

every  gallon  of  foreign  refused  wine,  or  cyder  or  ?    q    ^    ^ 

y  other  foreign  materials,  except  mela»es  and  sugar  ( 

every  gallon  of  spirits  extracted  in  England  for^ 

^>me  consumption,  by  any  distiller  from  any  wort  J 

''    wash,  whereof  the  duty  of  two  shillings  for  every  >   0     I    SJ 

'    .lion  shall  not  have  been  charged  and  paid,  com-  | 

ited  at  the  strength  of  seven  per  centum  above  j 

oof .• J 

t  Cc 


Ihsrits.— Spirits.  [9 

of  ifvits  exinctod  in  Kngtawd  fivl  £»  t>  <!• 

frooi  my  woKt  or  wai^,  made 

or  n^Wj  ot  wBj  miituic  tfaeccwitht 

the  f  inmrthn  d  twnntj  one  gaOoos  }•  0  U   0 

tlw  wiMle  bemg  computed  «t  8  par 

hjaraoKter  pnwl^   fbr  every    100 

ndiatiDed  into  q^azits 


MAIDSTONE  DISTILLERY. 

Forevoy  ItOsdkmsafwmh  produced  by  Sir  William^ 
Batiop  aad  Geoige  Bidiop»  aft  Maidrtone,  from  af   ,  ).   t 
ve^Steofm^or  other  grain  lndudiii«  the  bcaDyT    ' 
aad  not  eaoaedmg  118  pounds  .—.....••••. m....*....) 

For  every  gaOon  of  wash  in  the  poMasion  of  the  aaid' 
Sir  William  and  George  Biihap  aft  any  time  when 
90  gpHona  of  any  wash,  so  in  their  powwagion,  shall  •  0    I  U 
be  imnd  to  prodooe  more  than  2^  gallons  of  spints 
at  Ae  HrengOi  of  1  in  6  onder  hydiometer  proof ... 

Imported  itito  ScoUandJrom  England. 

For  every  gaOon  of  ipirits  extoatited  in  England  and^ 
'  '  into  Srntfamd,  of  a  streqgth  not  errpfding  J 

etnftom  above  hydrometer  prooC  and  so  in  I    ^    <    «i 
n  of  any  higher  degree  of  strength,  not  (  ' 

_  tlie  strength  of  ten  per  cent,  above  hydro- 1 
proof  .....-...^.....^ J 


Imported  into  Englandjrom  Scotland, 

F<y  ereqr  gidlon  of  quits  extracted  in  Scotiand,  andl 
inHiurted  from  thenoe  into  Ei^jland,  of  a  strength  not  | 


e  If  reding  seven  per  eent.  above  hydrometer  proo^  j^  0  10   ( 
and  so   in  proportion  for  any  higher'  di^^ne    of 
aticngdi  not  exceeding  ten  per  cent,  above  hydro- 
meter pniof  

For  every  gaUon  of  wort  or  wash  brewed  or  made  finxn' 
malt,  com*  grain,  or  tihs,  or  any  mixture  therewith,  f  n  o  71 
tar  extracting  spirits  far  home  consumption  inf  "  ^  '* 
Scotland .VlTr.....) 

For  every  gaOon  of  cyder  or  perry,  or  any  other  Bquor,  J 

"Mide  ftom  any  sort  of  British  materials,  except>  0    0    • 

For  every  ga^oo  of  wort  or  wash  made  ftom  m«*i»*t«F.  1 
orngar,  or  any  mixture  therewith,  for  extracting  >  0    0    • 

apirits  for  oonsumptioD  in  Scotland j 

wevory  gallon  of  wath  made  from  fbrdgn  refused  1 
wme  or  foreign  cyder,  or  any  other  foreign  mate>  >  0    0   • 
■-  except  melasaes  and  sngar J 


oj 


Duties. — Spiriis. 


i. 


0    2 


or  every  gallon  of  spirits  of  the  strength  of  seven  ^  £. 
per  centum  above  proof,  made  from  malt*  oora,  /   ^ 
grain,  or  tilts,  or  any  mixture  therewith,  for  ex-  | 

tracting  spirits  for  home  consumption J 

3r  every  gallon  of  spirits  of  the  strength  of  one  to^ 
ten  over  hydrometer  proof,^made  from  cyder,  or 
perry,  or  any  other  liquor  made  from  any  sort  of 
British  materials,   or  any  mixture  therewith,  for 

consuropdon  in  Scotland    .....    

•r  every  gallon  of  spirits  of  the  strength  aforesaid,  ^ 

made  from  melasses  or  sugar,   or  any  mixture  >  0    5    7}' 

therewith,  for  consumption  in  Scotland S 

)r  every  gallon  of  spirits  of  the  strength  afcwesaid, 
made  from  foreign  or  refused  wine,  or  foreign  cyder 
or  wash,  or  wash  prepared  from  any  other  foreign 
naterials,  for  consumption  in  Scotland .. 


0    6    9 


>..  *••••..••< 


Irish  Spirits  imported  into  Great  Britain* 


•  every  gallon  of  spirits  extracted  in  Ireland,  and 
nported  from  thence  into  England,  at  a  strength 
ot  exceeding  seven  per  centum  above  hydrometer 
roof,  and  so  in  proportion  for  any  greater  degree 
f  strength  not  exceeding  twenty  one  per  centum 

bove  hydrometer  proof 

every  gallon  of  spirits  extracted  in  Ireland,  and^ 
nported  from  thence  into  Scotland,  at  a  strength 
ot  exceeding  seven  per  centum  above  hydrometer 
roof,  and  so  in  proportion  for  any  greater  degree 
'strength  not  exceeding  twenty-one  per  centum 

lOve  hydrometer  proof 

every  gallon  of  spirits  extracted  in  Ireland,  and  '\ 
iported  from  thence  into  Scotland,  and  fromf 
otland  into  England,  at  a  strength  not  exceeding^ 
ven  per  centum  above  hydrometer  proof .....J 


0  11    0 


0    5    34 


0    4    6 


'^oreign  S0rits  imported  info  Great  Britain. 

n^ery  gallon  of «ing1e  rum,  spirits*  or  aqua  vitse,  ?    q  iq  41 

3  produce  of  the  British  colonies  in  America 3  ^ 

!very  gallon  of  rum,  spirits,  or  aqua  vitse,  above  {    1     q  0 

3of,  the  produce  of  ^he  Brittsh  colonies  in  America  { 

ivery  gallon  of  single  rum,  spirits,  or  aqua  vitad,  >    n  \&  &i± 

ported  by  the  East  India  Company  V  ^* 

!very  gallon  of  rum,  spirits,  or  aqua  vit^  above  I    .     y  oi  4 

K>f9  imported  by  the  East  India  Company $  *^ 

•very  ^llon  of  single  brandy,  spirits,  aquae  vitae,'! 
strong  waters  of  any  kind,  other  than  such  rum,  (    n  17    0£ 

rits*  or  aqua  vitas  as  aforesaid,  not  bei^g  Irish  T  ' 

fits  inipoxted from  Ireland J 

Cc«   _ 


£.  I.  i 
For  eveiy  gpUon  of  hnndy^   spirits,   aqua  vits  or 
stm^  waters,  above  proof  other  than  such  bnndy, 
rum,  spirits,  or  aqua  yit«  as  aforesaid,  imparted  {-  I  10  Sj 
into  Great  Britain,  not  being  Irish  ^nrits  imported 
from  Ireland  


STARCH. 

For  every  pound  weight  of  stardi  of  what  kind  soever,  ?  n  0  S* 
made  in  Great  Britain ^....  ^  ' 


For  ereiy  pound  weight  of  Irish  stardi,  or  hair  pow-?  a  o  31 
der,  imported  from  Ireland  into  Great  Britain  * 


STONE  BOTTLES. 


For  every  hundred  weiglit  of  stone  bottlei,  not  exceed*  ?  a  5  0 
ing  two  quarts  measure,  made  in  Great  Britain  ....  V 

For  every  hundred  weight  of  stone  bottles,  not  a^  f 
ceeding  two  quarts  measure,  made  in  Irdiandt  >iid  >  0  5  0 
imparted  fiom  tlienoe  into  Great  Britain  •.••••••••.•.  \ 

For  every  hundred  weq^t  of  stone  bottles,  not  ex*  j 
ceeding  two  quarts  measure,  imported  from  any  >  0  5  9 
otber  place ) 


SWEETS. 

For  avoy  band  of  Bqiior  made  for  sale^  by  infusion,' 
Aiiueutatian,  or  otherwise,  ftom  fiuit  or  sugar,  or 
firam  fruit  or  sugar  mixed  with  any  other  m-f  2  9  ^ 
gradients  or  matprials,  commonly  caDed  sweets,  or 


.  t  9 


For  evoy  barrd  consisting  of  thirty.one  galloos  and' 
a  half  Bqgliifa  wine  measure,  of  Irish  sweets  or 
«ther  Irish  liquor,  made  as  aforesaid,  caaaaooaitj 
called  tweets  or  made  wines,  imported  from  Ireland 
into  Great 


TEA. 


For  an  tea  sold  by  the  East  India  company*  at  or  un-1 
der  two  duUiqgs  per  pound  weight,  to  be  oom-f  90  0  (^ 
puted  upoa  the  gross  pites  at  iriJcfa  such  tea  stiaDrpcroeoB^ 
faeaold ^ ^ 

For  all  toa  sold  by  the  Bast  India  company  above  two  )|^  qo 
shilli^gB  per  pound  we^t  to  be  computed  »W«>pQ.cBrtia 


•      •! 


12]  ,  Duties,'— ro6aca)---Ffi»egar---Jriri€. 


TOBACCO. 


£.  s,  i. 


0    3    « 
0    3    4 


''or  every  pound  weight  of  tobacco,  the  growth  or^ 
production  of  his  Majesty *s  oolonies,  plantations, 
or  territories  in  America,  or  the  United  States  of 
Ameriea,  or  any  of  the  territories  of  the  Emperor  |-     0    3    0 
of  Russia,  oc  of  the  Ottoman,  or  Turkish  empltCf  I 
or  from  the  East  India  Company,  imported  into  ( 
Great  Britain '. ,.J 

or  every  pound  weight  of  tobacco,  the  growth  or  1 
manuftcture  of  the  plantations  or  dominions  of  >     0^0 
Spain  or  Portugal,  imported  into  Great  Britain  ...  ) 

or  eveiy  pound  weight  of  alt  snuff  (not  being  Irish  ^     o    5    0 

snuff)  imported  into  Great  BriUdn   S 

^obacco  and  Sivuff  imported  into  Great  Britain 

Jrom  Ireland^ 

ir  every  pound  weight  of  unmanufiactured  tobacco,  ^ 

the  growth  or  produce  of  Ireland,  and'  of  all  Irish  >     0    4    0 

manufactured  tobacco,  imported  into  Great  Britain  ) 

r  every  pound  weight  pf  Irish  manufactured  rappee  ? 

jnuff J 

r  every  poand  weight  of  Irish  manufactured  brown 

Scotch  snuff  

*  every  pound  weight  of  Irish  manufactured  Scotch 

nuff,  and  of  all  other  Irish  manufSactured  snuff  not  ^049 

•efore  particularly  mentioned  

VINEGAR. 

every  gallon,  wine  measure,  of  vin^^ or  acetous^ 
cid,  or  liquors  prepared  or  preparing  for  vinegar,^ 
r  acetous  acid  imported  into  Great  Britain  from 

treign  parts  

every  gallon,  wine  measure,  of  vinegar  or  acetous' 

;id,  or  liquors  prepared  or  preparing  for  vinegar  C     a    0    4 

'  acetous  add,  made  in  Ireland,  and  imported  from ; 

lence  into  Great  Britain 

ewry  gallon,  wine  measure,  of  vinegar  or  acetous  1 

id,  or  liquors  prepared  or  preparing  for  vinegar  >     Q    0    4 

-  acetous  acid  made  for  sale  in  Great  Qritain \ 

WINE. 

every  tun  of  French  wine  imported  into  Great  7    7a    4    #: 

ritain    ....• •••• «.  > 

svery  tun  of  wine,  the  produce  of  his  Mctjesty's 
itlenientsof  the  Cape  of  Good  Hope,  or  of  thef    ..  .^    ^ 
TttcHies  or  depcaadeocies  thereof,  imported  intof*     '  ^^    ^ 
«at  BvHaUi ....« 

C«3 


u   1   0 


AiLovAiiCBfr^ — Paper.  [19 

For  eicry  ton  of  ^ll  other  winest  imparted  into  Gwat  ^  52x0    0 
BriHio  •••••• ••••.... m. « •....•.••.  ) 

tVIRE. 

For  etciy  ounce  troy  of  ipltwiie  •—•••••.•.......•••...        0    18 

For  every  ounce  tray  of  aHw  wire .^ 0    12 

birii  got  and  Aver  wire  imported  into  C^eat  BxiUdn  firom  IrdsA 

are  wljected  to  the  same  duties. 

For  eveiy  pound  weight  of  Irish  gold  thread,  gold  1 
laoe»or0]ldlniige,made  ofplalewireyaounvmonV     0  li   ^ 
«ilk ^S 

For  eveiy  pound  weight  of  Irish  sQver  thread,  silver  5 
lace,  or  silver  fringe,  made  of  plate  wire,  spun  upon  V     Oil    6 
sillc  ^......... ) 


ALLOWANCES  AND  DRAWBACKS  FOR  HOME 
CONSUMPTION,  OR  MANUFACTURE. 


PAPER. 

For  aU  glased  or  other  press-papers, '  consumed  by 
clothiers  and  hotrpresses  in  pressing  of  woollen 
cloths  and  stufi ».•• •.••• 

For  all  paper  of  the  first  daas  or  dennminatioo,  uaed 
in  the  printing  of  any  books  in  the  Latin,  Greek, 
Oriental,  or  Northern  languages,  or  in  the  printing 
of  bibles^  testaments,  psalm  books,  books  of  common 
pn^er,  and  the  condfbssion  of  fidtb,  and  ihe  lai^ger 
and  shorter  catecfaiam,  within  the  two  universities 
of  Ozfixd  and  Cambridge,  or  within  theunivenities 
of  Scotland,  by  permission  of  the  vice-chancellors 
and  ptindpals  of  the  same  respectively,  or  by  the 
King*s  printers  in  England  and  Soodand  respect- 
ively, in  tiie  printing  of  bibles,  testaments,  psafan 
books,  books  <€  common  prayer  of  the  ChuRh  of 
Sngiand,  the  book  commonly  called  or  known  in 
Scotlandby  the  name  of  the  confession  of  fidth,  or 
the  faaver  or  shorter  rafffhism  of  the  Church  of 


Scodand.  — 


••••••.•«•••••.•••••»    •••!•••    •»«•■■••••••••••. 


The    whok 
-duly. 


The    whole 
dutjr. 


i]    ALLOWASCii»,—Soap— Starch'— Wine. 


SOAP.    " 

or  every  pound  weight  of  hard  cake  soap,  or  ball') 
soap,  consumed  in  making  any  cloths,  serges,  ker- 
seys, bays,  stockings,  or  other  manufoctures  of 
sheep  or  lambs  wool  only,  or  manufecturea  whereof 
the  greatest  part  of  the  value  of  the  materials  shall 
be  wool,  or  in  the  finishing  the  said  manufactures, 

or  preparing  the  wool  for  the  same. 

»r  every  pound  weight  of  soft  soap,  which  shall  be 

so  consumed 

tr  every  pound  weight  of  hard  cake  soap,  or  ball 
soap,  consumed  in  the  whitening  of  new  linen  in 

the  piece,  for  sale 

r  every  pound  weight  of  soft  soap  so  consumed  .... 
r  every  pound  weight  of  hard  soap,  consumed  in 
preparing  and  finishing  any  manufactures  from 
flax  or  cotton  for  sale,  except  such  as  shall  be  used 
in  whitening  new  linen  in  the  piece,  for  sale 

r  every  pound  weight  of  soft  soap^  consumed  as  > 
foresaid •.....^...  ) 

STARCH. 

:  every  pound  wdght  of  starch  used  in  preparing'! 
uid  finishing'' any  manufacturers  from  flax  orf 
;otton  for  sate,  except  such  as  shall  be  consumed  f 

a  finishing  new  linen  in  the  piece,  for  sale ) 

■  every  pound  weight  of  starch  used  in  finishing  7 
lew  linen  in  the  piece,  for  sale «...   ^ 

WINE. 

all  sorts  of  wines  shipped  for  the  use  of  admirals, 
aptains,  or  other  commissioned  officers  of  his 
^fajesty*s  navy,  and  for  the  use  of  commissioned 
fficers  of  the  royal  marines,  or  of  persons  acting  as 
uch,  for  their  actual  consumption  on  board  such 
f  his  Majesty's  ships  as  they  shall  serve  in,  at 
uch  ports,  and  in  such  quantities,  and  in  such 
lanner,  as  is  provided  by  law  ....« • 


£.    s.   d 


0    0    %\ 


0    0    1 


0    0    e 
0    0    Of 


0  0   u 


0    0     Of- 


0   0   H 

0    0    3 


All  the 
dtitiesl 


[    IS    ] 


DRAWBACKS   PAYABLE  ON  BRITISH  OOODC, 

Far  which  all  the  Duties  imposed  in  respect  tknetf 
shall  have  been  duly  paid,  and  which  shall  he  indy 
exported  to  foreign  parts  as  merchandize* 


out 


BEER. 

For  every  bairel  of  strong  beer  or  ale,  above  sixteen'} 
shillings  per  barrel,  not  being  two-penny  ale,  de»-  f 
cribed  in  the  seventh  article  of  the  treaty  of  union  t 
with  Scotland - 3 

The  drmwbacks  on  exportation  to  Ireland  are  the  same  s&e 
countervtdling  duties  payable  upon  commoditieK  imported  froa 
thence  into  Great  Britain. 

BRICKS  AND  TILES. 

For  all  the  brick  andtUes Antfaaiatis. 

CANDLES. 

For  all  candles AlldiedBSia. 

CHOCOLATE. 

For  every  pound  weight  of  chocolate  ••«. „         0    t  4 

CYDER  AND  PERRY. 

For  every  bogthead  of  cyder  or  peny Alldie&itia. 

GLASS. 

For  every  bundled  weight  of  unground  or  unpelisiied* 
plate  glass,  which  shall  be  exported  in  rectangular 
plates  of  perfect  glass,  of  the  dimensions  cf  six         a  ia   a 
inches  in  length  and  four  inches  in  breadth  at  the  '^     ^  i«   ' 
least,  and  of  the  thickness  of  one  quarter  of  an 
indh  and  not  more  than  half  an  inch ••  ^ 

For  every  s<;[uare  foot  of  plate  gbtts «...«»•  ««•  ^      Q    $   iy 


W] 


Drawbacks.— ZTid^^. 


^or  efOf  hundred  weight  of  flint  glass  wares,  vessels,  1  £•    #.    d. 


4  18    O 


6    3    0 
1  10    0 


or  utensilB,  or  of  phial  glass  wues,  vessels,  or 
utensBs,  which  shall  be  exported   to    Ireland, 

6uenisejr»  Jersey,  ^Idem^,  Sark,  or  Man  ...-. 

'or  every  hundred  weight  of  the  above  qpwdes  of 
glass  exported  b^rond  the  seas,  other  than  the 

above  places. 

or  every  hundred  weight  of  spread  window  glass  ... 
or  every  hundred  weight  of  window  glass,  not  being') 
spread  glass,  Whether  flashed  or  otherwise,  com-  I 
monlycaUedcrown,  or  German  sheet  glass,  which}-     3  13    6 
shall  be  exported  in  whole  tables,  half  tables,  or 

quarter  tables  .. .. 

»r  every  hundred  weight  of  panes  of  window  glass, 
not  bdng  spread  glass,  whether  flashed  or  other- 
wise, commonly  called'  crown,  or  German  sheet 
glass,  which  shall  be  exported  beyond  the  seas, 
sther  than  Ireland,  Guernsey,  Jersey,  Aldemey, 
Sark,  or  Man,  such  panes  being  in  rectangular 
igures,  not  less  than  six  inches  in  length  by  four 

nches  in  bieadth 

r  every  hundred  weight  of  common  bottles,  not 

wing  phials,  and  of  vessels  made  use  of  in  che* 

oical  laboratories,  and  of  garden  glasses,  and  of 

1]  other  vessels  of  common  bottle  metal. 

!'he  drawbacks  on  glass  exported  to  Irebrnd,  are  the  same  as 

duty  on  Irish  glass  imported. 


-     4  IS    0 


0    8    1 


HIDES. 

every  pound  weight  of  all  hides  and  skins,  and  parts  and 
eces  of  hides  and  i^ins,  tanned  or  tawed,  two-thixds  of  the  rc- 
ectiveduty  paid, 

3very  pound  weight  of  all  hides  and  skins,  and  f 

rta  and  pieces  of  hides  and  skins,  taimed  and  >     0    0    3 

rried 3 

!very  pound  weight  of  all  leather  tanned  or  taw- 

,  and  which  shall  be  manufactured  and  made  ^     0   O    3 

o  boota,  shoesy  saddles,  or  gloves 

every  pound  weight  of  ali  leather  tanned  or' 

red,  and  which  shall  be  manufiictured  and  made  I      q    q    • 

o  goods  and  wares,  other  than  boots,  shoes,  ^     v    u    7 

dies,  or  gloves   ...•• 

U  goat  skins  tanned  with  sumack,  or  otherwise, 

"esemble  Spanish  leather,  and  all  sheep  skinsf  the  whole 'of 

ned  for  roans,  being  after  the  nature  of  Spanish  r   the  duty. 

her    ••••• ) 

ery  pound  weight  of  boots,  or  shoes,  the  upper-  i 

hers,  vamps,  and  boot-legs  of  whidi  are  made  >     0.04 

loroccoy  Spanish  leather,  or  kid  skins  ...., 3 


'DRAvnACKB^'^Hep^-^MaU^-^Papery  S;c.    [17 

For  every  pound  weight  of  all  budc,  deer,  or  dk  ^  £^  $,  i, 
•kins  drnnd  in  oiU  whether  nenufiittuied  and  >  0  1  0 
made  into  goods  and  wares  or  not ) 

For  all  other  hides  and  akins  and  parts  and  pieoe^  of  ithawtaoieaf 
other  hides  and  skins  dressed  in  oil J    theduty. 

For  eveiy  pound  weight  of  all  other  hides  and  akinsl 
dressed  in  oil,  and  which  shall  be  manufiKrtured  I 
Into  goods  and  wares,  except  sheep  and  lamb  skins  V     0    0    6 
dreswd  in  oil,  and  made  Into  goods  and  wares  i 
other  than  gloves  ..J 

For  every  pound  weight  of  sheep  and  lamb  ^ins  1 
dressed  in  oil,  and  which  shall  be  mannfitctiired  >     0    0    4 
into  goods  and  wares  other  than  gloves  ) 

HOPS. 

For  every  pound  weight  of  hops  exported  to  the  Isle  \  the  wbole 

of  Man  \  datj. 

The  drawback  for  hops  exported  to  Ireland,  is  the  same  as  the 

duty  on  Irish  hops  isaported. 

MALT. 

For  every  bushel  of  malt  made  in  England,  and  ex«  >  n  9  « 

ported  from  thenee  to  Ireland  ••....%  ^  ^  • 

For  every  bushel  of  malt  made  in  Scotland,  and  im-  f  n  o  c 

ported  from  thenee  tp  Iretend  J  ''  *  • 

PAPER. 

For  all  paper  which  shall  be  duly  exported  as  mer-  ?      All  the 
chandize  to  foreign  parts .., • • ^      duties. 

All  brown  paper,  made  of  old  ropes  or  cordage  only,  witboot 

separating  or  extracting  the  pitch  or  tar  therefkom«  and  without 
any  mixture  (tf*  other  materials  therewith,  shall  be  deemed  paper  of 
the  secoi^  class  or  denomination;  and  all  other  piqper,  gtand 
paper  for  clothiers  and  hot-pressers  excepted,  shall  be  deemed  paper 
ef  the  first  class  or  denomination. 

FEINTED  GOODS. 

For  every  yard  square  of  paper  printed,  painted,  or'> 
Stained,  for  hangings  or  other  uses ;  and  for  all  j 
linens,  8tuf&,  fustians,  velvets,  velverets,  dimities,  {     AU   the 
figured  stufTs  wholly  made  of  cotton  wool,  calicoes  |      duties, 
and  muslins;  and  for  all   silks  printed  stained,  I 
painted,  or  dyed , J 

SOAP. 

For  every  pound  weight  of  hard  cake  soap,  or  ball  ^     AH  the 
soap,  or  of  soft  soap  „ ^      ^^^j^, 


18]       DiLAvrBACM.^^SpiriU^'^tardi,  i^c. 


SPIRITS. 

far  every  gallon  of  spirits,  extracted  from  corn  or 
grain  in  England,  and  exported  to  Ireland,  at  the 
strength  of  seven  per  centum  above  hydrometer 
proof,  and  so  in  proportion  for  any  greater  degree 
of  strength,  not  exceeding  that  of  twenty  one  per  [ 
cent,  above  hydrometer  proof    j 


£.  s,  d. 


0    0    6 


STARCH. 

or  every  pound  weight  of  starch ... 


{ 


The  whole 
duty. 


STONE  BOTTLES. 

>r  erety  hundred  weight  of  stone  bottles  

TEA. 

>r  all  teas  exported  from  the  warehouses  in  which' 
the  same  shall  have  been  lodged  upon  the  importa- 
tion thereof  to  Ireland,,  his  Majesty's  plantations, 
or  settlements  in  America,  the  United  States  of 
America,  the  Islands  of  Jersey  or  Guernsey,  Gibral- 
tar, or  any  port  or  place  on  the  oontin^it  cf  Europe, 
where  there  shall  be  a  British  Consul  resident,  or 
to  Africa 


0    5    0 


All  the 
dutiiBB. 


TOBACCO. 

r  every  pound  weight' of  shag,  roll,  or  carrot  to-' 
lacco,  manufactured  at  any  of  the  ports  of  Great 
Britain,  into  which  tobacco  may  be  lawfully  im- 
ported, or  within  two  miles  thereof,  from  tobacco 
br  which  the  duties  shall  have  been  paid  and  ex- 
ported by  the  manufiicturer  thereof,  from  such  ports 
o  foreign  parts 

VINEGAR. 

'  every  gallon,  wine  measure,  of  vinegar  or  acetous* 
cid,  not  being  under  proof,  which  shall  be  brewed, 
ir  made  in  Great  Britain  for  sale,  or  made  in  Ire- 
mdy  and  imported  from  thence  into  Great  Britain, 
nd  exported  from  thence  into  foreign  parts  ........ 


0    S    6 


0    0    4 


Dkawbaces.— Tftne— I7fr«.  P9 

WINE. 

'^or  every  tun  of  wine  of  the  produce  of  his  Majestj'sl  JL  t»  i 
settlemento  of  the  Gape  of  of  Good  Hope,  or  of  the  S>  16  9  C 
tecriUiries  or  dependeafiies  thereof  •... ••.•••••••••••*  3 

For  every  tun  of  French  wine ^.................^      74   0  € 

Foreverytunof  any  other  wines  imported  into  Great?  49  f  •; 
Britain ) 

WIRE. 

For  every  pound  weight  of  gold  thread,  gold  lace*  or  l 
gold  fringe,  made  of  plate  wire,  spun  upon  ^Ik,  >    0  15   4 
such  plate  wire  bong  made  of  gilt  wire j 

For  every  pound  weight  of  silver  thread*  silver  laoe,  f 

or  sUverfringef  made  of  plate  wire,  spun  upon  alk,  >    0  II   < 
sudi  plate  wire  being  miule  of  silver  wire j 

The  Act  of  Geo.  IV.  duqp.  30,  repeals  the  oountervaiiinK  inaa 
upon  commodoties  imported  from  Ireiand  into<yreat  BriMia.  mt 
exported  from  Great  fi^tain  into  Ireland,  but  did  not  aypmlKfay 
the  foregoing  tables  were  struck  off  the  press. 

1.  All  articles  liable  to  equal  duties  of  Exdae,  in  Great  Brian 
and  Ireland,  may  be  imported  without  duty,  and  exported  vdfaoc 
drawback,  between  the  two  countries. 

2.  Articles  imported,  and  liable  to  the  hi|[^iest  rate  of  ditfy  iatke 
importing  country,  shall  pay  only  the  excess  of  du^. 

3.  Articles  exported,  end  liable  to  thehigbest  tateaf  dUt^iatiK 
exporting  country,  shdl  be  allowed  a  drawback  in  the  mumrfto 
only. 

4.  Articles  liable  to  duty  in  the  exporting  country,  diall  psr  be 
whole  duty  on  import,  /and  no  drawback  shall  be  alkmed  onex- 
jiort. 

5.  Articles  liable  to  duty  in  the  exporting  country,  and  ■«  : 
the  importing  country,  shall  receive  the  whole  drawback  on  eipai- 
tation,  and  shall  not  be  liable  to  duty  on  importatioD. 

6.  Articles  liable  to  duty,  but  warehoused  duty  fr«e,  mj  be  ei* 
ported  from  warehouses  in  one  oountiy,  and  ahaU  be  baUe  todztr 
on  import  into  the  other. 


iao| 


EXCISE  LICENCES, 

AH  Excise  Ltcenoes  mutt  be  taken  out  almiudly ;  and 
every  Maker,  Manuikcturer,  Trader,  Dealer,  or 
Eetailer  must,  before  be  begins  to  -mAnufaGture, 
deal  in,  or  retail  die  Uftdermentioned  coBimodities, 
pay  for  every  3ucb  Licence  as  follows,  viz. 


Ivery  auctioneer 


AUCTIONEEKS, 


BEER. 


0  12    0 


very  common  brewer  of  table-beer,  not  beiog  a  7 

common  brewer  of  strong  beer J 

very  common  brewer  of  strong  beer,  or  brewer  of  in*'^ 
termediate  beoc,  if  th»  quantity  of  beer  brewed  by 
him,  within  the  year  ending  5th  July  eacl)  year, 
previous  to  taking  out  the  licence,  shall  not  exceed 

1000  barrels  .„.^,., 

the  sanie  shall  etCfxA  1000,  and  not  exceed  2O0O 

barrels «  ....j<i „ 

the  same  shall  exceed  2000,  and  not  exceed  500p 

barrels ,.,. 

the  same  shall  eacceed  6000^  and  not  exceed  7400 

barrels  ..-. ,.,.... 

the  same  shall  exceed  7500,  and  not  exceed  10,000 

barrels „ 

the  same  shall  exceed  10,000,  and  not  exceed 

20,000  barrels 

the  same  shaH  exceed  80,000,  and  not  exceed 

30,000  barrels 

the  same  shall  exceed  30,000,  and  not  exceed 

10,000  barrels  

[f  the  same  shall  exceed  40,000  barrels  

ery  person  who  shall  first  become  a  oommon  brew-' 
>r  of  strong  beer,  or  brewer  of  hitermediate  beer, 
[)ay  for  a  licence,  %L  5s.  and  within  ten  days  after 
the  5th  July  next,  after  tidiing  out  such  licence, 
wch  additional  sums,  caSed  a  turdtarge^  as  with 
:he  2L  5#*  shall  amount  to  the  duties  herein  di- 
rected to  be  paid,  according  to~  the  number-  of 
[larrelsof  strong  beer  brewed  within  the  prece- 
iing  year  , 

Dd 


2    0    0 


2    5    0 


2    5    0 

and  ft  sur- 
charge* 


Duties.— *£fcmctf^. 
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BEER  RETAILERS. 


Evcrj  pemn  wlio  diaU  sell  beer  or  ale  bj  reti^,  orl 
who  ahaH  adl  cjder  or  penj.  to  be  drunk  or  eon-  ] 
sumed  in  lus,  her,  or  their  house  or  presoiaes,  ahaH  | 
pay  for  a  Bcenoe,  if  the  dwelling-house  in  which 
sudi  penoa  taking  oat  sudi  licence,  shall  not.  to-  !-  t  t  9 
gather  with  the  offices^  courts^  yards,  and  ganieMa 
therewith  occupied,  be  rated,  under  the  authority 
of  any  act  fbr  granting  duties  on  inhabited  houses, 
at  a  rent  of  15L  or  upwards  ^ ^ 

If  rated  at  15/.  or  opwazds,  and  under  2(ML ...../      3  3? 

If  rated  at  20/.  or  upwards 4    4   0 

Svcry  retailer  of  interpoediate  beer 114 


CANDLES. 

Every  dealer  in,  or  seHef  of,  wax  or  spennaeeti  ?  ^  i    ,i 

candles : 5 

ETCiy  maker  of  wax  or  spermaceti  candles  for  sale  If  0  • 

Erery  chandler  or  maker  of  candles,  other  than  way?  9  n  o 

or  spermaceti  candles  • 3  ^  ^ 

COFFEE,    TEA,    COCOA-NUTS  AND 

CHOCOLATE. 


Evoy  penoa  tradiog  in,  vendiag,  or  sdiiBg  eoA*.  )  ... 

tea,  pepper,  cocni-nats.ordiocoUte .„  ^..  ^  "  " 

GLASS-MAKEES, 

Every  glaas-otakei'.  for  each  and  every  glass-house  ..«  20    0 
Every  maker  of  flint,  or  phial  glass  for  each  lear  fat ) 
annealing  of  flint  or  phial  glass,  besides  the  licence  >100    0 

for  each  glass-house \ 

JLEATHER. 

Every  tanner  within  the  bills  of  mortality   if^   0 

Every  other  tanner  ..•• «.••••••«...• 5    q 

Every  tawer y*.. ♦. 2    0 

Every  dresser  of  hides  and  skins  in  oil 4   0 

Every  currier 4   0 

Every  maker  of  vellum  or  parchment  ..•«.*...... %   q 


0 
0 
0 
0 

$ 

0 


<£.  #. 

i. 

0    7 

6 

0  15 

0 

1     2 

6 

1  10 

0 

1  17 

6 

2    5 

0 

2  12 

6 

SS}  Dot^ibs.— Xionwl*. 

MALTSTERS. 

£ver7  maltster  or  maker  of  malt,  if  the  quantitv 
of  malt  made  by  him  within  the  year  en<Ung  5th 
July  in  each  year,   previous  to  taking '  out  the  | 
licoice,  shall  not  exceed  50  quarters 

If  the  same  shall  exceed  50,  and  not  exceed  100  7 
quarters - 5 

If  the  same  shall  exceed  100,  and  not  exceed  150  7 
quarters  •...•^.•.. • 3 

If  the  same  shall  exceed  150,  and  not  exceed  200 
quarters \ :.... 

If  the  same  shall  exceed  200,  and  not  exceed  250 
quarters 

If  the  same  shall  exceed  250,  and  not  exceed  300 
quarters ....•• •• » 

If  the  same  shall  exceed  300,  and  not  exceed  350 
quarters 

If  the  same  Shan  euseed  S50,  and  not  exceed  4007     o    />    q 
fluaners  *.«•••..  .••.•■•.•••••••••«. ..•••••%4. •..•••...*.••% 

If  the  same  shall  exceed  400,  and  not  e^pceed  450  ?     «    »    ^ 
quarters ^ J     3    7    6 

If  the  same  shall  exceed  450,  and  not  exceed  500  \     «  i »    ^ 
quarters ^ ;.   ; \     3  15    0 

If  the  saine  iball  exceed  500,  and  not  exceed  550  ?     j.    a    « 
qoarters • .-. •. J     ♦    z    « 

Or  If  the  same  shaU  exceed  550  quarters 4  10    0 

£vefy  person  who  shall  first  beeome  a  maltster,  or^ 
maker  of  malt  for  sale,  shall  pay  for  a  licence,  7«. 
6i.  and  within  ten  days  after  the  6tfa  of  iTuIy  next, 
after  taking  out  such  licence,  such  additioMl  sum  -     0    7    6 
as  with  the  said  7«.  6d.  s^l  amount  to  the  duty  I       and  a 
herein  as  before|directed  to^he  paid,  according  to  the  |   surcharge, 
quantity  of  malt  made  within  tiie  pnoeadtng  year  J 

MEAD  AND  METHEGLIN, 

B?ery  maker  of  metheglin  or  mead  for  sale  •. ^00 

OXYGENATED  MURIATIC  ACID. 

Every  maker  of  oxygenated  muriatic  add,  or  oxy*  1      t    n    ^ 
muriate  of  lime ....;..., {     ^    ^    ^ 

PAPER. 

Every  maker  of  paper  or  pasteboard,  and  every  paper  2     ^  />    a 
stainer ^.^....*.„.  f     *  ^    * 

Dd2 


t« 


PLATE. 


£.  t.   i. 


in  vfocli  sny  . 
pciiiij«L%fats,  and 

Vi4   n»^*»^  f 


FKINTEBS. 


»•••«••  •^•« 


«l   0  0 


SOAP. 


»««H*^MNk*«»««*«' 


..^^        4   6   0 


Wl»onl7,| 

in  wiHCb 


oat  such  iV'tiirT,  disll 


bs 


ML 


lit. 


bcErteit  anderthe 

OR  IBUDMDRfeSD 

or  n|iiiuds 


«    »  • 


wk**^^«** 


•*«••«.*  •«*•  •••«•••«■•••««  %  9  »^ 


Is     •■•••«••••••« 


6  G  0 
8  5  0 
8  17  0 
«.  9  9  0 
..  10  1  0 
10  19   0 


24J 


DtTiEs.'^Licences. 


£.  i.   d. 


Isery  person  within  the  limits  of  any  royal  borough,1 

bur^h  of  barony  or  regality  in  any  part  of  Stot-  { 

.  Iand«  (X  in  any  place  in  any  other  part  of  Seottand, 

other   thaa  within  the  Highlands  of  $cellatMi« 

liiQited  and  described  in  the  act  of  parliament,  diall 

retail  any  spirits  made  from  malt,  eorO)  grain, 

barley,  beer,  big,  or  other  British  materials,  and 

commonly  known  by  the  name  of  aqua  vit»  «..  ... 

vezy  person  who  shall  retail  such  spirits  withi^i  the 

several  counties  and  districts  of  the  Highlands' of 

Scotland,  the  royal  burghs,  burghs  of  barony  or 

regality  therein- excepted .'«'... 

/ery  dealer  in  brandy,  or  other  spirituous  liquors,  cm* 
strong  waters,  not  being  a  retailer  in  any  part  of 
Great  Britain,  or  not  being  a  wholesale  seller  of 
or  dealer  in  plain  aqua  vitse  only,  distilled  fW>m 
malt,  corn,  or  grain,  or  other  British-  materials  in 

Scotland  .........  «... 

ery  person  in  Scofi^nd,  who  shall  by  wholesale  sell* 
V  deal  in  spirits  ooade  from  malt,  com,  grain, 
larley,  beer,  bigg,  or  other  British  n^terials,  not  be- 
ng  a  licenced  di^iller,  rectifier,  compounder,    or 

etailer  of  spirits  •••. ■ .«> 

\ry  distiller  or  maker  of  low  wines  or  spirits  in  ^ 

England. .«. •.. ..«  { 

ry  distiller  or  maker  df  low  wines  or  spirits  In  \ 

cotland * !..• ) 

ry  rectifier  of  spirits  in  England  ,.       10 

ry  rectifier  of  spiriU  in  ScoUand <..,  ...         ^ 


4    0    0 


2    0    0 


10    0    0 


6    0    0 


20    0    0 
10    0    0 


0 
0 


0 


STARCH. 


ry  starchwmaker 


SWEETS. 

y  maker  of  sweets,  or  made-wines,  other  than  > 

sad,  for  sale .»..•.••,{ 

y  retailer  Of  British  made-wines  or  sweets  • . 


•  ...»¥' 


la  0  0 


10 

4 


TOBACCO- 

y  manufacturer  of  tobacco  or  snuff,  if  the  t»-^ 
:co  and  snuif-work  weighed  by  such  person  for  I 
nufacture,  within  the  year  ending  on  the  tenth  \ 
October  previous  to  taking  the  licence,  shall  not  | 

reed  20,000  pounds  weight J 

e  same  Bhall  have  Exceeded  20,000,  and  shall  1 
;  exceecl  30,000  lbs. I 

Dd3 


0 
8 


0 
0 


3    0    0 


4  10*  0 


LVYn.  and  Ad  •»  r     j    0   p 
1  ;«i^WO,  aid  tbdl  C  }«   0  0 

■  -  9a^>ao.  nd  Ami  „  4  0 

3»  0  « 


Kxebe  IB  Loodoo,  V     0  10   0 


se  0  0 


WINK. 


^.-- . in  Kp^Bid,  wbo  Shan  I 

C^crr  vcttiisr  flf  foiT%D  «^e  io  England,  whd  shall  ~ 


iiquan»  kUdialliMA  haveanOB-r      ^    ^    ^ 


jgl'  PRECBDBKTt  V  VOUCHEES. 

4very  retailor  ^  iiwtign  wine  to  ScQtla«id,  wh^shall  ?     ^  jq    4, 

Bvery  wtall«r^toydjpiwUvBiaacfltUnd,  wliofhaUi  . 

not  have  on  wtcise  liotiice  tor  wtdUng  gpteituousC      ^  jh    ^ 
Uqw>?%  ©r  8  lieciK»  for  rc^BlU»|  b«f)  •!«>  e^<}lh«^£ ' 

exciieaWe liqttcmt  :"»V*T'Iir*"^ 

Every  jrctaU«r  of  forfign  wii^  in  Scottend*  ■Wg  »  J 

licence  fof  retailii^  beer,  ale,  or  other  enidifaWel      5    ^    $ 
liquors,  hut  not  having  an  exifiBe  lleeneo  fot  tt'i 
tailing  apWtuous  liquors  «'M..^..•^•* ^ J 

WIRE. 

1  * 

Every  wixodrawer,  o?  other  person,  wh<?  skatt4vav,.>  .  ^  ^ 
or  cause  to  be  drawn,  any  gilt  or  silver  wlro,  cooi^  >  4  0  0 
mot^y  called  big  wire  ..  ..^.. .m..... ) 

By  4ct  of  Geo.  IV.  Chap,  51,  Bvery  brewer  of  intermediate  beer 
in  subject  to  the  duty  of  ^f.  per  barrel,  containing  3(5  gallons, 
without  any  aUowanqe  wtyit^er,  other  than  that,  of  th^  heat. 


— r.,^^ -^ — 1 '        "• 


( 


A  PnECEPENT  of  Vquchwb  and  Abstracts  for  the 
Assistance  of  Young  Officers  and  Pupils,  iir  inking 
up  their  Accounts. 


* 


♦  ' 


9*1 » ■»" 


BEER 

youcHj:R. 

m Collection. 

^  District. 
Division,  5th  Round,  1833,. 
From  January  SA,  1823. 
To  February  »3rd,  1823. 

N.  R.  The  above  rcpresente  the  back  of  tlie  Beer 
Vovcher^  which  will  serve  as  a  sufficient  precedent  for 
all  the  rest. 


[« 


'Diviskm.    Sik  Exmnd,  I^IT 


Dileor 


Banekof 


J. 


X.    T.i  X. 


|64 

7 


A.B. 


Jn.  II  18 
Ul4 

tsso 


66i 


10)1 


14fi 

.ii|! 


CD.  t 


Odds   > 

"I 

lKch.17! 
19  I 


E.F.     I 


!    Oddi 


} 


. 


G.  H. 


Odds  i 
Jan.  16  • 

Fdk  10 


Odds 


ByDrinkaj 

Total  ..  •• 


1713 


T. 


19) 


36^ 


VicttBifien. 


GaUoDsof 


I 


2.5 
104 
102.5 
105.5 
106 


480^ 


4.0 


416.5 


3.5 
212.5 
224 
211.51 


652 


6.0 


138i*56i 


646 


T. 


Bacrelsaf 


30» 

18 
2a5 


41.5 


X.  I   T. 


— 
34      ] 


4w5 

78.5 

70 


in 


153 


153 


r 

19 

*t 

«J 

1| 

334 

7 

The  Amount  of 

t  Table, 

VictiiiDen  ..4.^...... IjS^ 


?8] 


fi££A. 


Foucher,Jixm  Januaru  ^b^  to  February  2$ri,  1826. 


Duty. 


£, 


85 


4. 


19  |.  5 


Voucher  is, 

i  hundred  and  thirt^«cight  ban^,  and  one  firkin. 
y»six  barrels,  and  one  firkin, 
rty-three  barrels,  and  two  firkins. 
»n  barrels, 
ity-iive  pounds,  nineteen  shillings,  and  fivepence. 


CYDEK. 

iw 

—X>Mecium.^T>UtricL—IHvi>ion.      5th  i?oii«^.  ISii 
Voucher,  from  January  5th,  to  February  %$ri,  18^3. 

Names. 

Date  of 
Ghaige. 

Hds.<if 
cyder  at 
U.  10*.  . 

Total 
Hds.of 

Duly.        \ 

Cjder.  , 

£. 

«. 

1 

Jan.  17 

Feb,  5 

13 

ft 

22 

1 

1 

1 

2 

I 
• 

i 

A.B 

t 

i 

Jan.  14 

Feb.l 

\6 

If 

s 

CD, 

Total 

141 

61 

The  amotint  of  this  Voucher  is. 
Fourteen  hogsheads  and  three-fbnrtbs  of  cydeci 
Caah,— Twenty-two  pound:*,  two  shilliDgs,  and  n- 
pence; 


oj 


malt; 


-Collectm^-^DiHrict, —  Division,   5th  Reund^  1823. 
^oucher,  from  January  5th  to  February  ^Srclt  1823. 


ames.  I  Date  of 
Chatge. 


Malt  at  2*.  &d,  per  busbel.    I 


Gross. 


Jan.  7 
11 
15 

19 
24 

Q8 

Total 

Net 
Floor 
Odds 


B. 


120.4 
119.6 
112.1 

123.7 
121.5 


597.3 


477.84 

87  40 

.64 


565. 


I  Jan.  1 1 

16 

23 

Feb.  3 

11 

Total 

Net 
Floor 
Odds 


surcharge 
104.2 

111    ' 
118.8 


334 


267.20 

184.75 

.26 


VIoor. 


174.8 


174.8 


4.8 
170.1 

194.6 
369.5 


452 


Net. 


565 


452 


Duty. 


1017 


127 


2 


d. 


G 


imount  of  this  Voucher  is^ 
housand  and  seventeen  net  bushels  of  malt 
— One  hundred  and  twenty-seven  pounds^  two 
,  and  sixpence. 


-  4 


^- 


*r«^ 


0 


I 

!      } 


• 


li 


-      T\ 


1^3 


t 

I 


3194     ^IS;IS  2 


I 

\ 


shQIn^s,  and  twnpence* 


2] 


80AF. 


'4)olleetion."^Di8trict:— Division.  5th  Round,  1823. 
Voucher,  from  January  5th,  to  February  2Srd,  1823, 

Names. 

Date  and  Amount  of 
eadi  Charge. 

Pounds  of 
Hard  Soap 

Duty. 

Date.          lbs. 

at  Sid. 

161 

Sm 

§ 

d. 

Jon.  ]  1 

21 

Feb.  16 

2400 

"2000 

2600 

7000 
10200 

A.B. 

7000 

Jan.  18 

26 

Feb.  16 

3700 
3400 
3100 

CD. 

10200 

Total 

17200 

5 

6 

The  amount  of  this  Voucher  is^ 

Seventeen  thousand^  two  hundred  pounds  of  hard 
»ap. 

Cash.^— One  hundred  and  sixty-one  pounds,  five 
lillings,  and  skpence. 


E  e 


[35 


'''Colieetiom. — DigtrtcL-^-^Divisiaiu     ^tk  Anmd^  ISl 


A.B. 


CD. 

Total 


Date  of 


Jan.  11 

21 

Fdb.5 


Total; 
Allowed : 

Net 
Odds 

Cliarge 


Total 
Allowed 

Net 
Odds 

Charged 


IsLClMBat 
3i.yerlT»u 


9 


: 


9Si  1536 
30.72 


9S 


28 


40 

84 


126D 
276 


1505.28 
82 


1506 


510 
l6t    272 


€M 


20 
19 


1886 

27-72 


51 


1358.28 
64i 


84 


1358 


51 


674 
702 


12  72  99i 
06  361150 


1756 
35.121 


1720.88 
64 


T 


1721       i 


18l  1081441 

433.IS 

7.06 


l«l€ 


168400 


Ist  Class  ^.-•N 

2iid  Class ^..^ 

Glazed  ..••-••••«•.. ••••m^... 
Cash . 


1 


r^wlt. 


*'  '  *  ■        ■  ■  --•  -■  -|       ll«W<ltl_<_ 


Total. 


Lstcidsa; 


Weight. 


8 


of 

3 


:  'Gtaaed. 


Weight 


:  - 


1506 


1358 


■*-* 


28G4t, 


84 


s 

I 


■a 


97* 


51 


1721 


1£ 


18 


Duty. 


9* 


£. 


t. 


72 


8^   269^ 


SO 


108 


180 


2 


59 


3 


10} 


i\iQacher  is, 

e  hundred  and  eigbty-two  reams^  weighing  two 

housand>  eight  hundred  and  sixty-four  pounds. 

hty-five  reams,  weighing  two  thousand^  six  hun- 

red  and  ninety-three  pounds. 

[rtjr  parcels,    one  hundred   and  eighty  dozens, 

eeighuig  six  cwt  one  quarter.  . 

ty-nine  poundsy  three  shiUings,  and  tenpence  half- 

enny*    ,.  se2 


HlDC. 


*  ....  ■■     I  ■ 


t.-i* 


1^ 


• 

.Oocopa- 

tioiu 

Date 

of 
Charge 

1 

WW.^ — >  J- 

TMw«r-      1 

Names. 

at  14  per  lb. 

Hocse  f   Slink 
Hides  at  with  St 
lu  6dm    3«.p.dos 

8hpw&cat 
l|<IL|wn>. 

' 

No. 
24 

Wt 
316 

Ka 

Wt 

Jan.  17 

Feb.  5 

86 

811 

A.& 

Tanner. 

13 

12 

430 

Jan.  17 

• 

S 

5 

15 

46 

Feb,l 

10 

^ 

CD. 

Tawer. 

16 

Jan.  11 

2] 

: 

2 

1« 

E.F. 

Oil  Dr. 

^9 

Jan.  11 

23 

- 

^ 

G.  H. 

P.M. 

29 

« 

^ 

Total 

72 

1607        5^    1 

-19 

g5 

90 

TheanuMDtof 
Tanned  ••••••••••#•• 


Tawed. 


Dressed  in  Oil  .mm 


v<a8n  •{•■•••••••••**>* 


D-»«ii„OH. 

DUCT. 

' 

in 
i. 

plb. 

3<I.|>er.]tx 

-Vellum 
»tS..  64 

per  do. 

Btll.  9lJ. 

£. 

,_ 

d. 

lo. 

Wt. 

No. 

Wt. 

6 

c 

39 

108 
410 
305 

231 
842 
601 

8 
10 

240 
41,6 

■& 

lie 

82»ll664 

18 

636 

97 

18 

8i 

lis  Voucher  is, 

Eventy-two  hides  and  skiiu,  weighing  one  thousaiu?, 
sizJit)i)ilred  and  seven  pounds. 

ivc  horse  hides,  nineteen  slinlc  with  hair  on,  twenty- 
five  sheep,  &c.  weighing  eighty  pounds,  with  sixteen 
pieces,  wei^i^g  one -hundred  and  sixtmi  pounds. 

,ight  hundred  )itid  twenty-thiee  sheep,  &c.  weiring 
one  thousand,  six  hundred  and  sixty-four  pounds, 
eighteen  dozen  of  v^um,  and  six  hundred  and  lifly. 
six  doZea  ot  parcfament 

Jine^-Kven  ppund^,  eighteen  shilling?,  and  eight- 
pence  halfpwiny. 

J/ufel.— WhentliereiretwoormoretMtleraofonB  aoeupuion, 
le  voucbfr  should  be  titled  with  a  total  column  of  each  species, 
n    order  lo    be  compared  with   the  survey-book.      8ce  paper 

i  ous  directioos  for  making  up  Ih;  principal 

mil  Is  ptaet-ised  in  the  Buise)  vre  shall  not 

ir--  1  atid  by  tefeirlDgbliD.tOithe  preceding 

•yry  '..be  enabUdU  jJpfli^  V)f  voucher  Ibat 

"^  ..3 


M 


ABSTEACT. 


34.  per  lb. 


at). 


0mm  II.   .1  ■ 


1506 
1358^ 

2864 


2nd  Class  at 
]  ^d,  per  lb. 


dittoed  atU 
It*  per  cwU 

Jwt.  ^  qr. 


ABST»4^T< 


[39 


■■MaMM 


g  gag-  . 


i : 1        ^-g 


40] 


ABSTKACT. 


I SS,}^*^  «««-*' is«^- 


From  January  5th,  to  February  2drdj  1623. 


BRBATA. 

Page  0.    BxwD.  I^ 

„      1§  y  «t  X  M        12672    ^.  ^^^  ^^,       ,. 

^^'^  19  X  25  X  46  -  5T600'  ***  '«"****^  ^^"^  >  *^ 
12672  -4-  81600  a.  .5866^  iiw. 

'  Page  eOk    Exam.  6. 
For  12908,  m4  \t9im ;  an«l/)r  32.6^»  mti  32.425. 

Page  6^   E^am.  4. 

Jlere  96.8  X  §6.0  x  84,6  »  »37a24  X  84.6   ^  792722.904; 
Md  792722.304 -4-  2738  a.  288.526,  the  amtcni  m  nmU  buMt. 

Page  94.  Prob.  XVI.    Exam.  2. 

For  5385.79,  read  5385.75  i/or  ^11.76,  r€atf  4411.8$  aip 
65.668>reatf  65.687. 

Page94.    Bxaok  S^ 

For  41069.92,  read  4107a 
Page  222,  Une  i^folr  .0023867,  read  J0O236fi, 

5,  Ksam.  iffor  .9929583,  read  .0029583. 
227,         4,  Exam.  %,  fir  0.437^  read  .0^75:    and  > 
32.43479375,  read  32.4^459875. 


P2|g^  271.    Exam.  2L 
1151 
12       "^    12 


„  48  X  24       1152       -^  -,     - 


712ns. 


f1^ 


A  TREATISE  ON  PSA^ViOAL  6AU0ING;  cantaimng 
Vulgar  and  Decimal  Fractions  ;  Square  and  Cube  ^oots ;  the  most 
appcoved  Meth^da  i(  Drawing  Geometriral  Figures ;  Mensoiaiioa 
of  Superficies  and  j9<Ms  applfedto  6aaglngi  in ^i  ^  Departments; 
the  Method  of  finding  tbe  ContenU  of  all  the  CyUndrical,  PTmni* 
dical,  and  Conical  Ungulas,  that  can  possibly  Wfbrmed,  by  placing 
Vessels  in  various  Positions ;  the  Method  of  Gauging,  UUaging, 
and  Inching  Casks,  as  adapted  in  the  Excise;  the' Process  of  Gau- 
ging and  Inlf^qg  Ca3)u  by  tbe  Callipers,  Bung  Bod,  and  Head 
Rod,  as  condiicti^il  by  t^e  Port  Gaugesa  of  the  Ezci»  and  Customs  ; 
and  likewise  the  Method  of  Gauging,  Fixing,  and  Indiing  fiie 
Utensils  of  Victuallers,  Common  Brewers.  Maltsters,  Distillen, 
Soap«Maker8»  Starch-Makers,"  and  Glass-Malcerst  as  piautbed 
by  the  Officers  of  the  Exdse,  in  the  United  Kingdom  of  Great 
Britain  and  Ireland..*^y  A.  Nesbxt,  and  W.  Lxttus»  Oflloar  of 
Excise.  Dedicated,  by  permission,  to  the  Hon.  GomioiBsiaDeBfi 
of  Excise.  In  one  large  volume,  12m».  iUualKated  by  660  Prae* 
tical  Examples,  and  180  Wood  Cuta j  pck^e  8i«  boood. 


TTiis  Day  are  Published^ 

• .  By LoNOMAN>  HuRST^  Rees^  Orme,  Brown,  and  Green^ 

London;  and hy  Wilson  and  Sons>  York. 

I. 

In  one  handsome  Volume^  Octavo^  price  12».  in  boards, 
A  new  Edition,  greatly  enlarged  by  ntuAerous  additions  and  im- 
provements,  and  illustrated  by  two  hundred  and  fifty  Practical 
Examples,  one  hundred  and  sixty  Wood  Cuts,  twelve  Copper- 
plates, and  an  Kngraven  Field-Bool^  of  sixteen  pages,  of 

A  COMPLETE  TREATISE  ON 
PRACTICAL 

Land-surveying, 

IN  SEVEN  PARTS^ 

designed  chiisfly  for  the  use  of  schools  akd 

prttate  students. 

Containing  I.  Definitions,  Problems*  and  Theorems  in  Geome- 
try, requisite  in  Land-Surveyipg. 

II.  A  Description  of  the  Chain,  Crods-Staff,  OS&et-Staff;  Compass, 
and  Field-Book ;  also  Directions  and  Cautions  to  Young  Surveyors, 
when  in  the  Field,  &c.  . 

^I.  To  Survey  with  a  Chain  and  Cross ;  also,  to"^  measure  Metes, 
W^ods,  and  Lines  upon  which  there  are  Impediments. 

iV.  The  Method  of  Surveying  with  the  Chain  only ;  and  of  mea- 
suring Mer^,  Wbodis,  Kbads,  Riv'ers,  Cbtials,  Distances,  Lines* 
upon  which  there  are  Impediments,  and  Hilly  Grdtmd. 

V,  The  Method  of  Surveying  and  Planning  Estates,  illustrated 
by  several  rough  and  finished  Plans,  and  an  Engraven  Field-Book 
of  sixteen  pages» 

VI.  Rules  and  Dpsctions  for  laying  out  any^en  quantity  of 
Land,  in  any  proposed  Figure ;  fi>r  parting  from  any  Field  or  Fi- 
gure, any  Quantity  of  Land  required ;  and  for  dividing  a  Piece  of 
L^nd  unoog  sundry  Clatoiants,  in  the  Proportion  of  thdr  respec- 
tive Claims,  oar  a  Common*  &c.  of  variable  Vahie,*  among  ahy  num- 
ber of  F^roprietorsj  in  the  Proportion  of  their  respective  Interests. 
This-  is  exemplified  by  a  Plan  of  Three  SmaU  Estates, '  an$l  a 
Cpmmon,  which  is  divided  according  to  its  Quality.  Also  the  Me- 
thod of  reduchig  Statute  Measure  to  Customarjs  and  oiee  vert&. 

VII,.  Th^  Method  of  Measipring  and  Planning  Villages»  To^ns, 
and  Cities ;  Directions  for  Measuriog  and  Planning  Buiiding-Groundt 
and  dividing  it  into  convenient  Lots  for  Sale  \  and  Miscellaneous 
Questions  relating  to  Surveying,  Laying-out)  Parting-off,  and  Divi- 
ding Land. 

By  a.  NE^BIT, 

Mofitr  iifihe-Commercka  and  Mathematical  Aatdtmsf^  Oar/brd  Road, 

Mam^etter* 
Th«  whniA  etplained  and  simplified  in  such  a  Manner,  as  wilL ' 
JL  ler  ample  Assistance,  both  in  Theory  and  F 

til  ccuiHed  2h  disseminating  the  knowledge  of 

«60m«tr)r;  6r  to  th6®e  Persona  who  desi 
istructors. 


II. 

< 

In  «9t«  large  Fohune^  12mo,  price  6«.  bound, 

h  new  Bditioo,  iUuatnited  by  five  hundred  and  eighty  Fxacdcal 
Examples,  twa  hundred  Wood  Cute,  thre&  Ct^per-plales,  and  ao 
Engiaven  Field-Book,  of 

A  TREATISE  ON 

PRACTICAL  MENSURATION, 

liV  JSIOHT  PARTS; 

Containing  the  most  approved  Methods  of  Drawing  Geometrictl 
Figures;  Mensuxation  of  Superficies;  Land-Surveying ;  Mensimtion 
of  Solids;  the  Use  of  the  Carpenter's  Rule;  Timber  Measure,  in 
which  is  shewn  the  Method  of  measuring  and  valuing  standmg 
Timber  ;  Artificers*  Work,  illustrated  by  the  Dimendons  and  Con- 
tents of  a  House  i  Mensuration  of  HiQrstackSy  Drains,  Canals,  Marl- 
pits,  PoAds,  MiU-dams,  Embankments,  Quarries,  and  Coal-heaps; 
Conic  Sections  and  their  Sdids;  and  a  Dictionary  of  the  Terms  used 
in  Architecture. 

By  a.  NESBIT. 
111. 

A  KKY  to  the  PRACTICAL  MENSURATION;  containing 
SScdutions  to  all  the  Questions  which  are  not  answered  in  tluit  Work ; 
with  References  to  the  Problems,  Rules,  and  Notes,  by  wfaidi  the 
Solntiaiis  are  obtained.  The  Secpod  Edition,  in  one  vohimei 
ISmo.  price  Bu  bound. 

IV. 

In  one  Volume^  I8fito,  price  2«.  Sd.  bauml, 

A  new  BdfCion,  greatly  Improved  by  numerous  Notes,  RemarlES, 
and  Observations ;  and  by  the  Addition  of  two  hundred  and 
ififty  Examples  for  Practice,  of 

AN  INTRODUCTION  to  ENGLISH  PARSING, 

forming  a  KEY  to  Parti,  of  MintK47*s  Emt&ltsr  ExEXcnEs: 
intended  for  the  Vve  of  Sdnxds,  and  Private  Leatnenk 

By  a.  NESBIT. 

**  Parang  is  an  Exercise  of  great  fanportanoe  to  the  Piipil;  and 
should  be  continued  regukurly  through  the  whole  ooune  of  Ui 
Grammatical  Instruction«'*.i..itfafray. 


k%%%%««*  *«%«/««i% 


(Thomoi  mim  md  Sons,  Pnniert,  High^Ouugate,  York.) 


^ 


